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v-w> This study was supported by the Advanced Research Projects Age^sy 
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therefore, it is 
a co mp re he ns i oe 



(J) Jr should a iso Lc noted that aitrioujh the request specz- 
ilet'ial weapons a>ta tecnniques employed by the military, non* 
ievices av:d techniques cuirently in use or under development 
'H i j?: aaencies have been included. Trie technological . dividing 
> oe tween uarovware avid techniques developed for use by the military 
t'iose developed for civilian applications is so diffuse that it 
"irzuclly impossible to separate the too avid still have a report 
; is fairly representative of the current art . 



(U) Finally, recooniziny the sensitivity of many of the 
ics covered in this report , it was not intended that inclusion 
any technique or device Sriould be considered an endorsement either 
AR.FA or RAFIS, and in instances where proprietary equipment is 
cussed and/or illustrated, it has been selected merely as an 
ample of what is currently available or in use and does not in any 
constitute a recommendation for the particular item . 



INTRODUCTION 



( l ) This brief survey of nonlethal weapons and the supplemental 
; oiwIIooraDny (see Appendix following reference list at end of report) 
- prepared by members of the RAC 1C staff. It has been organized 

^ znrz* o r s : 

(1) Statement of the Problem . Tj^nrizes the aeneral criteria 
‘ ' . *•' o jv- s* nor. j etna I weapons and the desirable and 

^ o ! •.* v «r i . Mr i s 1 1 os of sjc h weapon s . 

(2) Ch emical Incapacitating Systems , describes various types 

1 j r;or*s, t^eir efforts on the body, and various 

* V' n jt r Ji'.n, 
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(4) W a r Hors and Mechanica l Heterrent^s . • • • ■ » : : • ■ # ■ 




STATEMENT OF THE PROBLEM 



V > At me Outset it SPOjI J i'*> 
«; poen very cjref u! Iv contrived, 



t s to : tn ,t no wt*ip system, e/er. o' e 
cjn bo rude entirely nor. I etna I , C'j r t I 



* "ec K an i C3 1 problems on roan to red in sue:*' systems and parti/ £> 



* --e p ; *«? r e"ce in response o* individuals to a given level of stress. 

vc) The development and implementation of nonlethal weapons systems are 
-f-alU premised upon at least three assumptions. First, it is assumed tha+ 

* ~ e reasons against whom a nonlethal weapon is to be directed are not already 
^'Zer me control of whoever is to use the weapon. The nonlethal weapon, like 
3'v pmer weapon, is intended to extend the operator’s control over the behavior 
m i~: : v ideals who otherwise would be relatively autonomous. Vore specifically, 
-c- e^al weapons are generally intended to prevent an individual from engaging 
^-cesiraple acts. This brings the discussion to the second assumption 
m replying nonlethal weaponry. It is normally assumed that a nonlethal weapon 
*:il p e employed in a tactical conflict between individuals or groups. This 
css^cticn imposes certain criteria upon the design and choice of weapons, 
s^ph 35 me requirement for immediate effect. These criteria will be discussed 
*^r~~er shortly. The third assumption behind noniethal weaponry is that it is 
::*sir3pie not to have greater effect upon the target individual than is necessary' 
m control his behavior in the immediate* tactical situation. Thus, the use of 
:e3:l/ force, of force excessive to that required to accomplish the immediate 
ms*, or of force or control techniques which will have long-lasting or permanent 
ejects is deemed undesirable. Apart from the moral arguments in 

* j » c 1 e use. o f nonlethal weapons , public officials find it prudent to 

~o p -c 1 i c opinion and try to minimize tlie political and legal repercussic 
' - '.***:'* follow the use of deadly force. The desirability for nonlethal force 
accentuated when there is a danger of innocent bystanders being 
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v ♦ . .. , t\ - , I j* ‘>r i r 1 1 » .* r f i I i * i *-' r <-* - * r y * 1 

: . , : t-v‘f i jh .J"t . f . l i*»T»enr cjro kj-M y t i ✓*; p--- ‘ - 1 

. . i ^1* on t jnJ *rvn.]ful do.jth of. J t- r«.j, ir: i /«; '-^P^jr- 

*• J’-- - ! i i w f : ■*. i ■ • J 1 u . 

i ; | ... the precise physiological and psycho log i ou I c-f feds of ’o'l-.-r 
v, , , I v j fv ♦ TOO! i tom to iron, it is possible to eat ub I 1 bh general - r . lT " r,J 
_jn ; , t > aaej to assess the accept obi I i ty of particular weapons. 



Vnletiul i ty 

(...) Tne desirability for non lethality has already been noted. It is 
-cover, to stress that nonlethality is best stated in terms of what may 
s r ati st leal ly expected when a part i cu I ar weapon is used against some normal 
j ' srribution of Individuals. Nonlethal weapons, like lethal weapons, depend 
.. r T . e ir effects upon a number of factors all of which cannot be compensated 
-or in tne design of the weapon itself. Among these factors are operator skill, 
— e conditions under which the weapon is employed, the response of the target 
I -di vi duals to the weapon, and the physical and psychological health of thos 
aoainst whom the weapon is employed. When designing a nonlethal weapon, it is 
-ecessary to optimize trade-offs between its nonlethality and its incapacitating 
octe-ti 3 l . The ideal balance of absolute incapacitation reliability and absolute 
-onlemality (i.e., 100 percent of survival of persons affected) is probably 
tne present state of the art. 



Incapacitation Potential 

(U) Given restrictions on the employment of lethal force, the concern 
-as been to discover ways to exercise nonlethal force which is readily applicable 
to tactical conflict situations, which can be used against an individual who is 
bevond arm's length from the operator (ruling out overpowering the individual 
physically), and which will prevent the target individual from engaging in 
.-desired behavior. This latter ability to "incapacitate” might be defined 
25 — e ability of tne weapon in question to prevent an individual from engaging 
> ooa! -di rected behavior wh.ich the operator of the weapon finds undesirable. 

-r -j-U/ this class of undesirable behavior includes a range of violent and 
•.-'-i-dl acts. Tne mode cf incapacitation is variable, depending on whether 
... ?3 r.ade upon a person’s ability to concentrate attention on his 
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rv»'f)t , Jr J jt’-i tiif'., f» i - jL i I I t/ t . : . f •; 

r Hr. jL i I i f y tj tf j t • j r r j i r « if .r 

r .! \»T • ”.o H i Jfi! h.jvt. 1 ur 1 I i.‘w t »„*J t <...» r ■ J 1 1 a . i fl -3 J'i i t i ■ A - , t 

r ; i r jt i jn, rjnjif'i tf m minor -J i j^umforfb on-j -J i vt r j*. t i To 

. !-u -c^r Jo ‘3 i rjb ) O J.vj'V-i of i nc jpoc i tj t io'< ubu-jl I y f ill 
‘.vj-o-i* rno f i r 3 T of whioh i o pr«*LuL ly not onoujn to prevent o Strof j\ 
■1 jot jnj the other po^ i r nj problems of convenience for trie person usic 
ier*'jl «ejpon. Further, desirable chorjcter i st i cs of this i ncapoc i t ^t i 
i " tv J i joy of effects; temper jr i ness of effects; reversibility of effec 
s i Je effects; end preJ i c+jb il i ty , obviousness, end reliability of.prin 
r r c c t . 



I ' r 

i 

j 



(U) Immediacy of Effects . Given. . -he intended use of nonlethal weapons 
rj.-ricji conflict situations, it is usuelly desirable that their effects occ-r 
- a aeriod of seconds or possibly a few minutes after they have been used. 
er*ise, these weapons would be of little or no value in preventing specific 
lent or criminal acts. 



(U) Temporariness of Effects . It is generally desired that the 
ec~s c f nonlethal weapons have a duration great enough to allow their 
ra*prs to g 3 in control over the target Individuals or over the terrain 
-p contested or both. When used against groups of Individuals as in riot 
t-zi , it is desirable that nonlethal weapons disrupt group processes and 
nery diminish the effectiveness of that group’s goal-directed behavior 
o enough to eitner thwart the aims of the group, capture the members of the 
, or achieve another similar purpose. However, incapacitation which 
. w re; fer longer than is necessary to achieve immediate tactical aims is 

a- inconvenience and might become an outright burden on those using the 
weapon. This is more the case as incapacitation approaches 100 percent 

(U) Reversibility of Effects . Once a nonlethal weapon has been used 
: operator’s goal achieved (o.g., clearing a street, capturing a criminal), 

_ ■ . .. i r ,io lo to "turn off” the effects if they are such as to endure 

. . ... j • |. i to reverse the effects of these types of nonlethal 

•• ;• r "i.e if easier to transport or interrogate a prisoner, minimise 

... t j>- s :,oing affected, etc. The methods used to reverse 
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A ; i . .1 ' V -Vw V- J i .J v>n thO w> * j;: ..M J -cJ .JM 1 h,>w it \ . ► I • : . **■•■. 

■ < j. i i . .j* i. * o r C‘« r uqu i r * ? t h j t i f J I v i -*j i I o w j ■ it y t t r * : • • . ; 

J. .■ i i , J t i nOvO'jSi t jH* tfu.» Je^A.n t am i 'ij t i -vf* u f L J i I J i ' j>, ’« r " : I I , 

'".it reversibility be j j i mp I e pr.- and f.jirly irr«*)i it.. i r it. * . 

A-'. v ’-v-’f'. I e th j I nojpon effects \.jn • ; f1 1 y Le refers*.* J after- j I - r . ; • - r 

’ Jk \*r jtlj::, or t f ;rou jn extendi ve meJiv.il _ j r e , or which j r t; : of • 

•eve^sibie i u not goner jl I y acceptable. 

^ i ) Tne terror ur i ness and reversibility uf effects are dec i r ji. i •* si .. * . •' 
r~e reason fhjt these features help to minimise the likelihood of acoiJe r t.c ♦ J : ' 

employment of a nonlethal weapon. Tor example, a person who has Leer -jtTj_*>*; * : • 
j j i so r i er t » ng ohemical agent could injure himself, perhaps fatally. If t-is L*.- r - . 
^aorens to re a bystander who is not placed under care, and especially if f r o **••.*. 
o * t^e agent last for some time, then the probability of such accidents is ^ - - t ! ; . 
"'is is clearly an unacceptable outcome of the employment of nonlethal weapons. 

(U) Minimal Side Effects . The less frequently that side effects ccc. r wi 
a gi.e r n oniethal weapon, the more it is possible to standardize procedures s-.cse:- 
tc its employment. In addition, the less extensive and enduring these side effects 
less probable that complications or death might result from using the weapon, 
less likely are such side effects as disfigurement or lasting disablement, t*e mere 
"eadiiv a given nonlethal weapon will be accepted, so long as it is an effective 

‘ rC303p i tar.t. 

(U) Predictability, Obviousness, and Reliability of Principal Effect , a- 
said above about minimal side effects is related to the need to be able to p r e: 
; r 'o i y „pcn the principal effect of a given nonlethal weapon. The user of a 

}\ weapon should know ahead of tine how an affected person will Derive t- I s 
: r should be patently obvious to the user. This will help the user tc fully 
expioi* the advantages of the weapon and at the same lime It will ass is* him to reo 
-ije w-c r -n w sual and possibly dangerous secondary effects occur, signaling t*e ccs 
■ * ,r professional medical aid. At the same time, if the operator does n^t *a.o 

/ ♦ co in the effectiveness of the nonlethal weapon, resulting penjps trp~ 

* . ?o jd"Cujtely incapacitato persons or Its Inconsistency of fjn v :tio n , t-'e" * 

* i. *• ^ Mill pro-b jM y not te employed even when it is J* ii I 
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CMLMICAL Vil APAlITATMb S Y j T t 

; j I ; •• it , j t r t , j: ; • • r t j ;' •/ jt • 1 1 .t pr .*■ • ' 

.. ' • >1 *o .1; »r *. . y • , f • *n . I * i . ; t.. i: |.* r*. ,T . f ..f " * ' - r : 

..... , ■ ... ^ * .it- (J | ; * »». ;f F » • t’»* M i . t * j ” r**' 1 * . J I I ^ . I r : r ? " i 

«. , v ♦ r . »*• jin _ • • < t * "t * • » . « *r • 1 * i I • • ♦ * *•*.? ’• / I * ' t f j I *• ’ v ' ' r ‘ # • 

*. j •> . , p ; ♦ . - j ♦ t* ** j*. 1” e* •• 1!“ i n thi> ire j i f •?'.*_* f, t y*;jf t* • ;•?' v 

■ ■ i •• f J ill-inf. r "•* ) m • ! pli-.e\> •. jl m; jp >r s 3 -*•>'- I ■* r 

(I 2 )** 

,- v ” ^ : • ji i 1 i ty M I J j t ^ f wejL (hi ;h fh'ljji vb jro most jo'Kip t jL I e ) # 

J -vj^ro of thin put lie *iph.jr ronco »>ji jr ->*n ojt of v/perie'-ce wit*- '^ r " -• 

:j ., i' Aorlj jr 1/ while thin was, of ;oj rse, m u ch more severe th jf- ^ u r f 

*■ n j* i r. of the furor over its use «js undoubtedly tsy.’.st '/j 

.-.j^rv, V f ujl tjtjlities from mustard gas arK_'unted to less than 2 perse' t . 4 
*• se .v ‘•ore expose J to it sufficiently ♦o be listed as casualties. This was j 
; *e r rer w e~tj;e of deaths thjn thjt f r om all other causes. Polls have shown t-- 3 * 
t-d Cyclic is ~jde aware of the facts Surrounding chemical agents, trey a^e 
~c r e a^reejple to their use^ 1 *. As more confrontations on campuses and civil viol 
r-e tvpes experienced recently take place, chemical agents may well become a 
"x;re readily accepted item In police and military arsenals. 

(„5 while many of the advantages and disadvantages of chemical weapons 
are specific to particular agents and systems, some general observations 
.an ce ~ 4 de: 

m i;o6, an extensive report on chemical Incapacitating agents C M $tate-of-t*e 
:r* . * „ 2 , cn impairment of Voluntary Muscular Activity (U) M , RACIC Report Mo. 

a ^ - 1 7 1 - ! 7 (AD 373 233 )] was prepared tor ARTA by Dr. G. A. Lutz, Associate Chief 
- 4 t- e -Crcanic Chemistry Division at Battel le-Col umbus; Dr. M # S. Sadove, Head 
♦ ♦-e Division of Anesthesiology, University of Illinois College of Medicine, 
Illinois; and Dr. J. L. Schmidt, Clinical Associate Professor at the 
- ✓o'ii 4 / Medical School and Principal Physician at Cermak Memorial Hospital, 
Illinois. This report provides a comprehensive study of three main 
'lasses of agents: (I) those that are skoleta I -muse le depressants, (2) those 

*xjj* a^^eot the central nervous system, and ( 3 ) those that affect the cardlo* 
,js:jijr system. Miscellaneous additional chemical agents as well as biological 
3 1 discussed. The lata presented In this report on the various 
•nic* are In use today are still valid as are many of the conclusions and 
■> ^est : '„r$ for future research, since the technology does not change rapidly. 

'<• i ♦►e r*' iv7S for this slow change is, of course, the necessity for lonq- 

1 / r -r*. */r<*nr in^ and testing t v o determine safety before the agents 

w ^ f .■ * ♦ j i ' m J f r r t ►',» Dv * \ * i 'n 

* . ... . . OZ O . 
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POTvJjb .jf »• t i by ue yc* r j I r v'jt'j-j ; 't 

istrjtien i ' » ^ i u J i r 1 <; i n t f .1 ,en .• i > ‘juL-.ut jne-z-iS, a' 1 * resp •• 

rjt^r>. f..*y v ,jn ! : i j ooft i r j ?e J as for 

j jm i i', i s t r j t i o- n v i j t *t<? r <.* cp i r j t or y t r jut or b y me ins o f 
j nj- lethal Jjrt f f ‘)ul'..jt jniiojj 1 Jm i n i s t r j t i jn < 

V*:) 1^0 oftocts ot njr y jjents mjy bo reversed Ly the u e of . 
s-itjrle jn t i Jo to> • 

J i s j J Ni j r t j : 

(I) Agents which are dispersed. in the most . common w ays (fog, 
aerosol, powder smc»vO) jro highly susceptible to unpre- 
dictable atmospheric phenomena. 

(J) Agents in these forms may be blown back to hamper friendly 
personnel • 

( 3 ) vest agents now in use have a rather narrow margin -of safety 
(that betweeen the effective and dangerous dosage). Moreover t 
in the case of many agents now available, the condition pro* 
duced within this margin of safety Is net sufficient to deter 
all highly motivated Individuals. 

(4) Acvion is not sufficiently rapid to success fu I I y counter 30 
opponent armed with a conventional lethal weapon, 

(5) In the case of some of the milder agents (such as CN> victims 
frequently develop a tolerance to Its action which renders it 
much less useful on a continuing basis. 

(6) The effects of a chemical (often the difference between 
lethality and non I etna I i ty ) are often a function of. dosage, 
and dosage is difficult to regulate accurately under riot 
or battle conditions. 

(7) As mentioned earl ler, the use of chemical agents of any type 
is distasteful to many people. Recent executive decisions 
have Indicated a national policy unfavorable toward the of- 
fensive use of some types of chemicals. 

Criteria for Selection of Nonlethal Chemical Agents 



( ) t... 4 o | 1 u* i n j rr i ter i a , tron the Police Chemical A.gen+s v a^^al 
; f .. t ,t ; of the constraints placed upon civilian law ent 
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• 0 dc-ve I op* J in 



3 . p roJjce r.i: i 1 ph v > * p ! 22 1 * * 1 1 ! ° n * 

t. Produce dost re J eHect<i in low cor centrat ions, 
somewhere in + he range of a few milligram's per 
c jp i c meter of a»r. 

c. p ermi t rjpiJ recovery without lasting effects 
when sut'iect is removed fror, the contaminated 
area. 



H 3. Delivered it ity - The agent must be deliverable in 
sufficient concentrations by delivery systems 
adaptable to police retirements arising from 
the nature of field operations. 

M 4, Xon- Persistency - The agent must be temporary in 

duration of its effectiveness and should not present 
ma ior decontamination problems. Persistency Is a 
-roduct of several factors including the nature 
of the agent, method of dissemination, weather, and 
the area contj^i njted. 

”5. Stability - T*o agent should be stable over wide 
ranges of temperature variation and storage 
conditions. It must be compatible with selected 
delivery systems. 

M 6. Acceptability - The use of the agent must be tolerated 
by the general public. A negative response on the 
part of most of the citizens In a community to a 
specific agent may well offset any advantages that 
the agent might otherwise offer. 

" 7 # r OQt Effectiveness - The total cost of the delivered 
,,g*;nt must be p r • J or t i on > to to its effectiveness 
and v/"p“t I t i V*» with acceptable a I terna t i ves . In 
addi r isn, th»» r > r , t of ch#»m i r.a I munitions must be 
r .» " »n r i--l.it ion to po I i co resources . M 
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V . f it whic.h app^.-jr to : j * * ib i * 4 f 

■ •!.**■ *v-j | wo.ir^n-, jii] -,unm jr i e*i of their t..har .ju ter i ^ t i '_b are* 

* ; .j ]j-|o I. ( ;.oo AppenJi a, pj-jo* A- 1 through A-IO, for laLle l./ 

The Search for Suitable Compounds 

Taking note that j relatively small number of compounds meet t*-., 

:..,i rtMjlrereots of effectiveness and safety, several of those from Tat/ le I 
a-Ij" irrear to show special promise are discussed below. 

jrri tants 

(o) A sensory irritant produces a reversible incapacitation as a result 
j. se-sorv stimulation following contact with skin, eyes, or mucous membranes. 

-e me obvious advantages of such an irritant is the speed with which it acts, 
r ^ :e ;♦ 3cts directly upon the nerve endings. 

Ql) {j# Since world W 3 r l # the most widely used irritant has been CN (tear 
Recently, however. It has been replaced in many instances with CS whose 
. 3 «*; C r i 5 nore rapid and whose effects are more severe. CS has had wide usage 
n '.ietnam, although reports from there have most often dealt with the use of 
: a 1 0 -3 «ith lethal weapons. The use of CS as an agent for softening the enemy 
:: could more easily be engaged with conventional weapons is not the 

--S+ elective indicator of its utility In a situation where lethality is 
desired. 

(yO {jyf Other examples of respiratory irritants with approximately the 
re e 4 f ect i veness as CS are: EA3547, Compounds 126312, EA3365, EA2542, EAI779, 

::..:g22, aM capsaicin. None of these compounds has any lasting effect once the 
is r,o longer breathing contaminated air. 

( J) The. possibility exists, however, that one of the aromatic arsenicals, 
' s-ch as D 4 *, might be used to produce both short-term Irritation and longer term 
c effects. These systemic effects which begin about 30 minutes after 
a r d last for several hours Involve headache, nausea. Intestinal cramps, 

; r ; \ i *i t general depression, 

t>.) a number of agents, notably CX, produce Intense pain almost 
..... : a • ... t / 4-jn cor.T.icting the skin, but Slnco response to piin is somewhat 
.. .... and other factors, CX might most effectively be useJ 

• ' ' jt: 





*;tn oome of the other irritants. 
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, u i £sr«*r>t*"r-i .jnjuut.-l r.vently at l dgt-wood Arse-. jl ir>*ii *' >♦ 

reaction to l ' was affected to some e-tent t.y sUf pi T"-' T * ,r ' ,;r 
t . . v.-r-, appeared to Pe at tooted less violently than I i I- t-sk i 



Analgesic s 

C'^^< / p c ,- 5 j ►, | v nest known cf the analgesics is morphine. wsile 

. elective, it Joes not have the desired safety margin for use as a 
. »earon. Research is being carried on to produce compounds - K ich 

, -o-e 'a.orjrle margin o f safety without losing the desirable analgesia and 



(0V<A typical example of a morphinelike analgesic is CS4640 (etonitac- 
_.n c3 . jS e physical knockdowns of test animals at tne micrograr (of agent) 
;er «. ■ ! ccram (of body weight) range. CS464C as an analgesic is approx irately 

as potent as morphine. As the compound now exists, the safety margin 

... . * < 5 ) 

r sma I I in primages • 



Anticholinergics (Causing Prostration) 

yg) Probably the most promising of the anticholinergics (agents which 
: i, ; , ♦►e passage of impulses through the parasympathetic nerves) are the 
c i violates. These compounds produce such symptoms as rapid heart rate, 
■-coordination, blurred vision, delirium, high blood pressure, vomiting, and, 
in cases of higher dosages, coma. Moreover, these symptoms can be produced for 
i ; v r a * i c n of from several hours to several weeks depending upon the agent 
-~ se ~. : 0 ne of the more active of these compounds are listed in Table I along 

r , 7 as producing prostration. They are effective at a dosage of I microgram/ 
, „*<6> 

:o-ran of body weignr 



Emetics 

The agents which induce vomiting apparently act by stimulating 
, , -♦ prain known as the chemoreceptor trigger zone. As i ncaoa^ i tants , 
. * ,r t . i , ; r ( ^ effective and work rapidly although not instantaneously. At 

promising of the vomiting agents is Compound 22892b 

. , ( 7 ) 

/ : - o r i pvvsrph i no ) • 
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I ♦ can t>«* ro.tii Iv no’oJ t*: it there ire .1 variety of P'-ssibi l itie-: 
.. . development of .hemical agent capo! i I ity. Am,, rig the "ore trn ,1" 

,■ e -he qlwolates because of their mode of a-tfon are* safety r jtio. At 
-'o«ever, CS, .CN, anj related i rr i tants are likely to remain the '-to*.- 
in potn tne military and do I ice arsenals. 



Hel i very Systems for Chemical Agents 



(U> A number of effective devices exist for the delivery of presently 
-ved cnemical agents. Many of these, with minor modifications, could accommodate 
„„ e C b e r-i C3 | S w hich are currently under development and testing. 

(Ui Among these devices are grenades, of both expulsion and pyrotechnic 
“vees, special ammunition, and man-portable or vehicle-mounted dispersers, 
t-ere are also available a number of chemical shells, rockets, and bombs, but 
t~--se h 3 ve not peen included since their size, weight, and velocity make them 
le-*ai weapons if only for mechanical reasons . These could, of course, be 
considered in tactical situations where some casualties could be tolerated. 



Grenades 

(U) Probably the most common delivery device for both CN and CS in 
riot-control situations Is some type of grenade launched either with a grenade 

launcher or, more commonly, thrown by hand. 

(U> One common type of grenade is the expulsion type which utilizes 

an explosive charge to either emit the agent through a series of ports in the 
,. rt , ; ^ er> or through the rupture of a frangible container. Included in this type 
of grenade are those employing the new piston release technique which Involves the 
,se of a powder charge to activate a piston which literally pushes the agent out 
3 k, port located at the base of the grenade <3) . Some of these grenades 

vo designed so that the escaping agent creates a rocket effect causing the 
d-enjde to skitter along the ground. Extensive tests at Edgewood Arsenal^have 
. .. ^ this type of grenade is not likely to cause serious injuries . 

( . j ike pyrotechnic grenade releases its agent through a burning 
- _.j 1 1 thin involves use of a coarsely granulated chemical agent 
« i * a pyrotechnic substance which will burn on ignition. Thin 
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'■is cursors 

~ ' . a - ^ .V disposers. gloving Doth externa, forces of 

... .. ... , r ,, en,.ne- W rei M-er to expel the epical agent are 

' ... • ^ * ron :0 to ‘30 founds for man-portable units to severs 

.. or truck— ounted devices. _ „ ■ „ 

' " ’ V-^.rd types of military dispersers are shown in Figures - 

‘ ' “ ,, , nd .2 (pages A -24 and A- 25 ) show d.s- 

..., 5 i .,7 tnro-gn A- 23 ). F.gures l.l and .4 ^9 

.....^^• ^—‘ly used by civil law enforcement agencies. 



Li cui d 



Stream Projectors 

, , s ^ lt related to too dispersers ere those devices which shoot e 

5 :, e ,- .. ..«« <•***'»•«* « •» "' O '*'*- 1 „ 

..I acvettaoes o. t-s type ot weapon ere . better seiectivity ot ,hd ; »,d .. 
... . .--e-rut -ore persistent effect from the agent s.nce it .s proje 

Th» mAin disadvantage of this type 
.... r ,f. e r than as a vapor. The mam disaova ag 

•- ; *5 short range. " 

, 0 W ,r ,365 the heseeron hnalysis Corporation published a report oh 
: „i.d o.t f-.r U on the feasihiilty ot designing a weapon 

;,w », ..«■« - • ? •: 

... •. ... various -ateriais studied, capslcun oleoresin. a der.ua ive 



,, ftyr.ts Manual, provides an excellent review of 



7 r rTT'uf, '•ho^.i-il "'■yVP.TS v^nuai, - — - . ^ 

ti ,. n r .^tems and t echnTqubs relating to chemical agents 

o‘ f,. philosophy and legal aspects of us mg the* 
J .* I / . •, r . si^'ty, including physiological and V^V 

'■ ,id and decontamination; and chemical "unit;, s 

= . ,"n...rnine this rmua. may bo secured from, the 

; '.'•"' !t r,e.o* Oild, .f Police. Inc.. 1319 eighteenth Street. 

‘,r ' r { ;.r > r y/ - ?* - 77?7 . 
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• -V.: *.,s juJ.joJ to hjve the most desirable characteristics. / • gur 

-;S tj-r-ioatoj i oh demonstrated the proper valving and nozzle assembly. Tris 

av proieoted the liquid for a distance of up to 40 feet with a dispersion 

. 4 ( 10 ) 

' * .V.V-ut IJ inches in Jijmeter 

(U) Recently, a number of aerosol projectors have been marketed for 



- 1 ; 

• v s t 



use. Amonq these are the first- and second-generation Chemical Mace. 

(3) 

f rnese devices use CN in some type of halocarbon solvent 



Chemical Munitions 



Military and Police Munitions 

(U) A variety of cartridges are available for use by both the military 
j-c police. Some, like the Federal Laboratories’ Short Range Shell shoot a 
cicud o* micropul ver i zed CN or CS directly from the muzzle of the gun in the 
5 ame manner as shot from a shotgun shell. Others fire pyrotechnic- or 
expu l s ion-type projectiles for as much as 500 yards although most have an 
e**e~ti v e range of around 150 yards. Several typical military cartridges are 
described below. Some munitions employed by the police are illustrated and 
described in Figures 13 through 15 (pages A-26 through A-28). 



(U) Military X.H674 CS Riot Control Cartridge . The item furnishes 
Army units engaged In riot control with a capability of employing small 
Quantities of incapacitating riot control at ranges beyond that of existing 
riot-control grenades. 

(U) The cartridge Is contained In a 38-mm-d I ameter aluminum case 
approximately 9 inches long and can either be fired hand-held, with the M79 
grenade launcher, or with the M8 flare pistol. It projects a nonhazardctus 
rubber container, which Is filled with a CS pyrotechnic mixture, for a distance 
r* to 90 meters when fired from the M79 or M8 weapons. Shorter distances 
are obtained when hand fired (approximately 45 meters). The container emits 

V. for approximately 10 to 40 seconds. 

fi.j) The X'^674 cartridge differs from the E20R3 and XM65IEI 40-mm 
/ ,r j r, t-.jt the E20R3 and XM65IEI can be fired only from the M79 grenade 

. . .r r ■* higher velocity, and range, and better aimablllty. The 

, r ,r*r! i 'jge contains approximately twice the amount of CS as the other 



itary XMbSI E3 40-hum Tactical CS Cartridge . 1 h • - T r « Jj*- 
- ^ ♦ j r \>j r r j": the M/‘J or* i n = j I o- i»ho t Ljun^hor ^ or t r urn the / •* I /4 

.. vrj ri v.’ I jj'vhor. neighing I M‘> jrjr T, b with u peyluud of 75 grams, trie f .jrU i : 
j ;>> rj tucMni v tuzo. ini^ i torn presently in engineering deve I opr.*." T 



un Military E8 CS Launcher and Cartridge . Trio Lb CS launcher consists 
• 't j l jjn oner noduie with lo firintj tubes, each containing four L23 oS-nri C- 
jjrrrijges (o4 L23 cjrtri dgos/ I junener) , a firing train, and a folding firing 
5 1 j j for ground emplacement. A carrying harness with adjustable, padded, 
sno.lder straps, qu i ck- rel ease cord, and waist strap is provided for back-pack 
carrv . weight of the total assembly is about 35 pounds. 

(U) The E8 launcher i s f i red electrically or manually. The E23 
cartridges impact over an area 40 meters wide extending 80 to 230 meters in 
range, producing a uniform and effective CS aerosol within 15 to 30 seconds. 

(U) The launcher platform has an elevating mechanism for firing at 
six different elevations from 0° to 90°. Range from launcher to center of 
target thus can be varied from point blank to 150 meters. After firing the 
entire unit is discarded. 

(U) The range of this weapon is up to 230 meters. It is nonlethal 
in the impact area, but its high muzzle velocity creates a lethal hazard at the 
mizzle during firing. 



Darts 

(U) The use of darts as a means for injecting an enemy with an 
;-c*Daci tating agent has been discussed as a possibility by a number of 
.ri rers ( l2_l4) . While darts have not actually been used sufficiently on 
n^ran subjects to compile an accurate history on their use, several instances 
c* their use have been recorded. 

(U) Several years ago a psychotic prisoner who was trying to escape 
* the Athens, Georgia, jail was subdued by means of a dart loaded with sodium 
f + me equipment used was that commonly used by veterinarians and 

:*;"■/ it i on i sts in subduing animals^^^. More recently, a number of 
tes*p r j /o been rvjde using mature student volunteers by a psychiatrist, 

~ : i ; .jpr c. Conner of Emory University and the Palmer Chemical and Equipment 



UNCLASSIFIED 

I V 

v ' r • v'-i j I v i I I o , 's'oof.jij; In these tests, j sm j • | dart w i t h j r.o*-r'J I *-■ 

"• 1 f ' v? ' * n length containing apomorphine wjj used. within 75 seconds, the 

. ^ t i tel t chilled jnu became gljssy eyed, and h i blood pressure dropped. 

\ ' minutes rne victim was njubojted. For an hour offer this, he was actual l r 

ill- onj nearly completely immobilized. Present forms of this equipment are 

juite limirej as to range, but research is underway to improve the design. 

(U) Tranqui I iz ing darts have been used for a number of years in 

Subduing wild or frightened animals until this practice has become quite routine 

A large number of agents have been used for this purpose, none of which ere 

entirely sate, since all require a rather accurate dosage based upon the weight 
( 13 ) 

of the animai 

(U) The advantages and disadvantages of darts as nonlethal weapons 
may be summarized as follows: 

Advantages : 

(1) The use of a dart allows selection of an individual 
target - perhaps the leader of a group or a particularly 
destructive person - without injuring others around him. 

(2) The user can choose from a variety of agents to fit 
the specific situation. 

(3) The dart can more nearly represent a nonlethal substitute 
for a bullet than any other chemical delivery system. 

(4) Because of its selectivity and because the identity of 
the agent being used is not readily discernible, the dart 
possesses a psychological advantage not shared by many 

of the other systems. The victim may wonder what he has 
been hit with and, whether or not it is essential that he 
find an antidote. 

Pi sadvantaqes : 

(I) Certain mechanical hazards are present with any system 
which utilizes a sharp-pointed projectile propelled at 
fairly high velocity. The eyes would be particularly 

vulnerable to such a device as would certain of the 

« 

arteries of the herd and neck. Possibly a safer device 
would be one that fires a blunt rubber or gelatin 
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r : » • „ ! i l - * ,:l[r t ! v .1 I !*'«• t if ;«.* ! i f ■*. i ✓ i * * i\ Ji : 

k'U'JH'') .1 ,tV!M- li J.jfMt >»• iffipj'-t. 

-j -,i*j j T * t ir. the r.eedlo *.T the 0 jr t *:,jy 

imbed in t\ :'io v. jui) i f-l ‘jOviTu p-.jin withuu* 0 i Skh«jf * J i r.y 
The , jgent. frrjumj. ly th' j danger could be 

o I iminjtoJ Ly j^inj need leu made of juf t«;r ma ter i < 3 1 • 

iM I ho aouaje is critical with ohernicjl aye ntj now in use. 

A person using uueh a weapon under bottle or riot conditions 
cannot be expected to always choose the correct dosage 
Dosed upon the size of his intended victim. The only 
practical solution to this problem is the discovery and 
use ot drugs with a greater margin of safety which may be 
used safely on i nd i v i dua l s of different sizes. 

(4) The darts now in use must depend upon their terminal velocity 
in order for penetration to take place* This requires the 
projectile to possess a very high initial velocity* Perhaps 
an answer to this problem would be a dart with a spring- 
loaded needle which is triggered and penetrates upon impact 
regardless of its terminal velocity* 

(5) Dari*s are not regarded by many as an "acceptable" weapon. 
Apparently, when a weapon or device is of recent development 
and Is used initially on animals and gains acceptance In 
this use. It seems to render It "unsuitable" for use 
again*,. humans however practical and humane it might be. 

Another example of this kind of thinking Is the use of the 
electric cattle prod against human subjects. 

(U) In short, systems using darts appear to show promise as nonlethal 
pons especially if a number of problems surrounding their use can be resolved, 
hazards connected with their use seem less important when considered against 
alternative of lethal weapons. 

(U) At present, tranqu i I i z i ng darts are fired either by means of 
-;Lti/jted guns or by means of blanks of the type used for driving nails 

o uo r Crete f loors . 

' Fi jjr'j \<j ( p j go A-2'J> shows the "Cap-Ch u r" dart which is typical of 
; of**/' *ued. Tne "Cap-Chur Charge” is a small explosive charge 

4 ' . ; • r j i-rp.jct, forking the drug into the target, 
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^ • r i jufo I ' A- * J ) di.jjr.im^ several typ»;b vf djrts n'.i . r »* 

- • ! * • fh jn.J wesson's ‘‘Vruu syston, this system utilizes <j 

z U*5, t rj t i ng Jjrt-a, jnd h i gh -oap I us i ve shaped .h<*r j*;s . 



Smoke 

^ U ) The use of smuke per se js o technique for obscuring the /isi 
-vipers of crowds is currently out of vogue. This is probably due to the 
••IJesprejJ availability of agents such as CN which more effectively achieve 
Jes i red resu I ts, 

• (U) The chief advantage of sruke over tear gas Is that 

upon dispersal or being blown by the wind It dc?s 
not irritate bystanders, nor does It exhibit lingering 

( * 5 ) 

contamination effects 

• (U) Smoke is also generally less expensive than tear 

( 15 ) 

gas 

• (U) Most of the tear-gas munitions incorporate a smoke 

component In order that crowd control forces can 
see which areas have been treated. 

• (U) Many of the devices and techniques used to 

disseminate smoke are similar to those used for 
the dissemination of tear ga»** 5 "* 7> . These 
devices and techniques generally exhibit the 
same advantages and disadvantages (e.g., fire 
hazards) whether used for dl ssemlnatlng smoke or 
tear gas. 

e (U) while In some tactical situations It might be 
desirable to use colored smoke either as a 
signal or because of Increased Total Obscuring 
Power (TOP), there Is evidence that many 

(IB 19 ) 

components of colored smoke ero carcinogenic * 
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• j ?■.* I * in. I i **•••■ j •* * / 5 * • : » *• 1 ; c f , 

...... # . 1 ♦ . * . ' ' I ♦ >* , I , ,t>r r i I ; 1 ♦ ; r , 1'! t r i r ^ , , 

Photic Driving and Incapaci tation 

v ‘ supposed utility nf visible flickering I i ght as a r » no 3P ? ‘ 

• ; .. rro->so..J upon its ef f eit on tn t > ol ectromagnet ic behavior cf v o 
. - I-.-, i ♦ n ,s been noted tn-jt epileptics and certain otherwise r.-r~al 

ox-nib* •' jn jp nomj I alpha brain-wave signature wher . ndergcirg a 
r jtjro jf the a I ph * brainwave is Such that it ha : * reo uency o* 

. : : . ^ ,-ios per second; it increases in frequency when an c. • * • o -esting s-b e: r 

... 0 - ~: s eves; it decreases in frequency when a subject en.r.-s r cental 

* ♦ - ♦ ^ . ; ♦ is blocked when a subject focuses visual atter,~»or r object; 

be "driver”, !.e. # a light flickered near the aloha •*" -tncy can 

' ' 0 ) 

* ♦*>» ^ l pn 3 freauency to entrain or adapt to that frequency ~ . The 

; : behind suggestions for using 'f I ickering light as a oniethal 

s ♦nat an altered alpha signature will produce altered c^art behav'c*" 
r- ^ i»>ss* ar ed capacity to engage In goa I "d! rected behavior (e.g., as with a p 
, l: ■ 'om': seizure), without going into a detailed discussion of all the 
literature, the following general points can be made about the 
<p -♦ • /n-ess of flickering light as an I ncapac I tat I ng technique. 

( ) Photic driving of .the alpha signature Is thought to be possible in 
■ r ,> j*oiy *Q percent of the popu lation • Esti mates of the port i on of 
-A v ;-n -wMch can te M s i gn i f i cant I y M af footed by flickering light range 
<. ^ I to 5 percent, with most estimates at about I percent^* \ 

< ;) f \ r ;a ft t M reactions to flickering light tend to be predomi nant l v 

, v# 4 di/zinoss, sleep*, drowsiness, or hypnotism. These reactions are 

/ v- ♦ i /o o/hi b it I I tt !o or no ob jec t i vo rel evance^ 1 * . Among 
.* d r w«ng prog., res severe i ncapac i tat i on # e.q., grand ^ ^ I 

. ' 4 , p , ♦ • * ♦»,* . (lJ » •#*< t-, , f yin among those op* I optics 

• T ^ , . t r> ♦ ,, t . 4 j • | v s I * * t ' p cm bo achloyod by 
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fV I i l! 1 * 

l .VI 



i r . !T i- 

j:. i i t it : ■ 
- , f t* 



: v v » f -.1 



'rV.ju i-i r-nlv tf,e - V, •*' *f 

^ ^ ; t i ^ ,»*, r t r 1 1 ♦* 1 t ’> j * • ; . < * : . * 

,.-. ,,r,t . of t 'u* jvru I i? ion , the b' ’ Ilility «.t ..-vr-l » 

.,j . r « , . t ' ,* ♦»,. i.- : ! v « i" i >' m- ■, ■■ ■ 

. * * ! • • r : I i ;* * : * : ‘ 1 rt • 

( v ) r < i rw tru? w.ne is J i rr i i n i «_> r > o J Ly r.o f itj» i t./ . I 

I attention*’ 0 *', it is I’npi'ct.iMe that ev.r with .« s-.t if*' t i- 



♦ I i coring light can i n Jure some decree of incapacitation tr> .,r t .v. « .ul'J 

'•.•'nisn me significance of this i no ar a o tat i an <? ‘ * . T jsk performance is 

l> an impaired under conditions of flicker. ne resoa-c her fo-nd tr. ,♦ 
"-ere -as no significant difference between performance with and without fl.s-ei 
,< repeat in. j digits, addition, or serial subtraction, and no change in 
-j»e could be associated with either an increase or decrease ir. flicker 



ency”. Another experiment involved rifle aiming accuracy. Under com 



jPu 



. O A JO I ' 



2 r ** 



J* n C ambient lighting and a bright f l : Cker i rg- I i g w V ; ■2" 

•vwever, with a low level of ambient light the flickering light apparently had 
n C effect on performance* 21 * . The first set of results might be attributable to 
♦n e ,eed for some minimal ambient illumination in order to use the standard 
s ! ^ f s on a rifle. 

(U) Among pilots tested for the effects of flashing I ignts, the most 
common reactions were boredom and annoyance 125 * , Under normal stimulation, as 
•.actually piloting an airplane, It Is doubtful that boredom or this source 

c* a^ncyance would t>6 s I an I f leant . 

(u) The reported cases where otherwise normal individuals succumbed 
wn flickering lights are quite rare and comprise an I nslgnl f leant portion o* t-e 
r elation, rest Of Which has been exposed to many of the sources of flicker 

are sometimes reported to Incapacitate Individuals (e.g., flashing l 1 g-*s, 
shining through trees, Venetian blinds, etc.) . Effects achieve- 
amc-g otherwise normal subjects in the laboratory might be attributable to 
i ,.. r; . rv setting Itself. Drowsiness might occur in any setting where tn e -e 

ambient lighting and little or no noise or other stimulation. Kmesthet ■, 
..... r -j t i on Of body movement) might result from eye movement and "drifting” 

t .... ... :r a* ter image. This same eye behavior might produce a mild "otipn 

....... :.n., the "nausea" reported in The literature. The mange c* co-d 

.. .. .. > /ir^ r-ti'ited desired reactions in the laboratory fe.o., 

. . ..... . , . r second, colors of lights) is so wide that it would be J’ M * 



UNCLASSIFIED 




UNCLASSIFIED 



. * * ' : ’■ »■ .. ! J 1 1 t I'vffy M» ■ l f f • »»(»- *- ✓*-r. 

, . f.'-j-?'.) 

,> * . a-*' <* j ! I a' ? ' i* *r».J t . I i <;*■ t ft i • k ♦ 1 f" 



Visual Impairment 

v ) ’**«* v, J ,;n j * i v . jn t i rip j i r »n t ot yi<ji v n i c ; 'J i f f i ■. j I f to j'.hic**** 3 
} ~V T j *re pertly inv^l v« ,r > Listing physi' il d-i^-ig** . 



The Visible Spectrum 






(; ) VV** of the work on the use of the visible spectrum to impair 
as Jealt with the effects of jjzzle. The following conclusions 
o r *oJ : 



(1) The closer an object is to a source of glare, the more 

the glare interferes with tne visibility of th3t 

K . \<24) 
object 

( 2 ) For 3 given flash brightness, the flash covering the 
fovea* will have its full dazzle effect only if Its 
anaular radius exceeds about 3 degrees. Smaller 
flashes yield progress! vel y reduced disabling 
e«ects (24 \ 

(3) In aeneral, the adaptation of a given part of the 

retina is independent of that of another part; 6 .g.» 

dark readaptat ion in a part of the retina which Is 

affected by moderate glare will occur independent 

(24) 

of that part affected by extreme glare 

(4) Recovery time after exposure to glare tends to be quite 

rapid, but the fovea tends to recover much more rapidly 

(24) 

than does the peripheral retina 

( 5 ) There is a tendercy toward linearity when recovery time 

is plotted against flash Intensity, at least over certain 

ranges of i n tons i ty ^ ^ . (See Figure 18, page A-31.) 

is j highly significant difference in the recovery 
( ,M ) 

r *n s 



t ' 



-> r : i v 



»n | < 



► I 



it por i phora I acuity 



4 4 | isn | n vi ce jnJ duration 



:i* 



4 ♦ »\r* r»» t i t' i 4 * r 1 » n ; u te v » S • on , 
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Infrared 

i U ) Light sources with j high level of infrared can produce V-'T 4 
3re Minjness, Mowover, the some luminance and exposure time without the 
Infrared component will yield the same glare effect, and infrared in sufficient 
C-an^ity cjn cause irreversible damage to the eye. Higher intensities of 
visible lignt can cause irreversible damage . to the eye. It is believed t* t* *.• 
resultant lesions are caused by the absorption of the.visib 1 © light by tre 
pigmented portion of the retina and the consequent degrading of the visible 
I i gh ♦ into infrared or heat**" 4 *. 

(U) The lenses of younger people transmit more infrared, making them 

mere susceptible to retinal burns. The same is true of the aphakic or lensless 

e\es. Burns of this nature might be relatively painless. They probably occur 

( 24 ) 

most o*ten from looking at the sun, as In a solar eclipse 

(U) One source of such retinal burns which is of interest to the 
military has been the nuclear fireball. It was concluded that in the worst 
ci rcumstances, when the light from the fireball was focused directly on the 

fovea, it might still be possible for tasks to be performed by relying on 

* . . (24) 

off-center vision 

(U) A long-term effect associated with frequent exposure to light 

near or at sufficient intensltv to cause retinal burns Is the development of 

cataracts (the period before onset appears to vary from 2-1/2 months to several 

years). Less Intense Infrared exposure (e.g., temperature of 1500 C and 

54Q lux) Is accredited with producing cataracts after a latent period of 20 

to 40 years. Uncontrollable factors, such as general physiology, race origin, 

( 24 ) 

or dietary deficiencies might affect susceptibility to infrared cataracts 
(U) Infrared would probably be of limited utility In a tactical 
co r frontation due to the posslblllly of an affected Individual relying on 
off-center vision. If the criteria of temporarl ness and reverslbl I ity of 
effects are adhered to, the value of Infrared for this type of application Is 
« j diminished. 

U1 tra viole t i, 

1 while ultraviolet rays can cause problems with the human eve, tne\ 
if.* of limited significance for purposes of 1 ncapac I tat ion . Both 
..t yr •< \*v>rt#?r ultraviolet rays are absorbed by the cornea and conjyne*i\ 
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r.KioU't rj.ji.iti 'M penetrjtin* the j;. 



s * 'j"9 r v ; 



j I 



■ .. 1 •• i.Io I o * r U'jtijn not f r jtf **,<} I ens t, jr.y *> i ;r= i 4 i r jf. r 

■ {»».' , :>-t?s not nornjl ly p.'SO the problem ,>f rotin.il I es i ^ ^ # ^ ^ . 

v ' i xposjro to ultriv iolet rjdi.it ion i.jn r « • ^ ? j 1 t in t ‘ • e onset s hao 

*f • i*e r * o* con j jnct i v i t i $ or retinitis. [ xposuro to a welder’s arc or to 

. • ' o ! J jljro can produce discomfort such .is a feeling of grit in the eyes, 

’priori j, jnj watering of the eyes. There is normally a delayed onset *r d 

. * ( 24 , 27 ) 

'voo is usually complete > 

(l.) Due to the prolonged onset of symptoms, ultraviolet radiation 
d re o * little significance in determining the outcome of a tactical 

r 0 n * a t i on . 



Laser Radiation 

(u) laser radiation has been suggested as a source of flash blindness 

: r c"or ; cret I na I burns. Laser radiation differs from conventional light sources 

‘ " **at it is a coherent beam and is from a narrow spectral band. 

(U) In order to affect vision, the laser must be aimed directly at 

eve . This diminishes its practicality In a confrontation situation. The 

greatest danger to the eye, l.e., chorioretinal burns, appears to occur from 

( 24 ) 

datively prolonged exposure to the laser beam 

(U) It has been suggested that a stacked blinking system of lasers 

( 28 ) 

be used to produce flash blindness of several seconds 1 duration . Flash 
r edress from laser radiation can be prevented by shielding the eyes with 

opaque material. In addition, atmospheric dust, haze, or fog would reduce 
effectiveness of a laser 

(U) The efficiency of optically pumped lasers is only 2 to 3 percent, 

that energy requirements are Inordinately great. Conventional light 

: >.r:es, such as the carbon arc lamp, should be approximately 100 times more 

( 24) 

efficient than the laser for the production of flash blindness , 



c rowa yes 

( j) Tn-e possible use of microwaves to incapacitate individuals, as has 
In r'/r./.tion with personnel barriers, appears to be infeasible, 

4 r '/. I «; ♦n j | i ty is desired. The action of microwaves is Such as to 
• * of the body. 
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v ) i “'t? i i ! r H«t»n t of t»vo functions In a master nf so v-d, tv "*• r - * 

p ! i f i e J t"/ the production of < attracts) would e'er:,- 

e . o ‘ s o f h i ^ enouqh i n i t y to kill an individual b of or** fhe des : r/>'t e * * o. 4 ^ 

( 7 b) 

’ " e e\es could be achieved 

u ) Heating of the fortes by microwave r -idi.it ion h io been suggested 
".■•ou'r, me lethal i ty. risk with microwaves is much greater than if in*r^ed 
*o r e jbt'J to produce the same effect 

(U) Surface skin burns using microwaves would not form soon enough to 
re o* tactical advantage. Expected nontherma I incapacitating effects of mi crow --we 
^Cwild no* occur before J etna I body heating took place. Even if desired effects 
*o^e achievable without a lethal increase in body temperature, microwaves would 
arra r entj v te ineffective against a person who is wearing heavy clothing cr «ro 

. " . ■ K . .( 25 ) 

■ s beh i nd an object 



SOUND AS AN INCAPACITANT 



(U) There have been numerous suggestions, especial ly in the popular 
literature, that sound at a range of frequencies and intensities might be used 
to control crowds while doing individuals no particular harm. Despite impressions 
to the contrary, this application of sound Is less than an accomplished science. 

(U) An immediate possibility for using sound to control crowds Is the 
j$e of loud noises to scare people or to Interfere with communications. The 
^eieshot cartridge developed by Colt Industries might scare members of a crowd 
*;th its loud report, but they would probably become accustomed to it. The use 
r«* h ; qh- i ntensi ty sound, such as Is produced by sirens, to interfere with 
co^-n i cat ions In the crowd has the disadvantage that control forces might 
also * 3 ve difficulty In communicating and that hearing less might occur. 

(U) One device which was recently patented Is reputed to generate 

sound M so offensive and repugnant that hearers leave the scene, but no permanent 

( 29 ) 

injury is caused" . No Independent assessment of this device has been 

f'vjnq. 

fij) *VdSt of the suggestions for using sound to control human behavior 

* 7 *. solve ore or more of such problems as operator protection, increased 
: <*• »• ♦ , r j i i ? y of sound and selectivity of target , the prob l em of undes i red . 

• 1 *'• * breaking windows along a city street), and the differential 

; individuals to the same frequencies and intensities. 
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V. ' k t re ; v ^ ■ j ' ! • ! tnd infr riw/ij', ai:eur \ j *>.t /♦; the- gr. 

• ■ s - ♦ t r x ' | I ; rn.: h s4 r.tn :'«»>» ivi.;r t:%>% .just. 1 fium.m orq.jns exhibit |r,*~ 

* *v ; . . 'vs*'*' j”Vt» v har.ic ter i :* t i v ^ . It j ^ reported that th«; ch«*\>T ^ r . d ,jL 

«’ i re : v\i*e at .it'.'ut ops, the he id .it . 1 ! «.»ut 20 ps, the arm md v.'/ulder 

. 2 * a:v-t * ops, anj the sp i ne .it about h cp'j. Subjects exposed t'j Such v-unjs 

•o.;v'~t j n^-cer of discomforts. "any exhibit phy s io 1 oj i c a I responses such as 

^ : r*e r o'* lower bkx>d pressure, increased heart L**at, lasting interference witn 

\'tt re secretion, and decreased visual acuity. At a pressure of I5>0 db small 

( 30 ) 

an Ira Is exhibit occasionally fatal damage to the ganglion cells J 

. (U) While there has been discussion of the use of low-frequency soj r d 

to ca-se members of crowds to lose control cf their sphincter muscles, it 

(31) 

3 rrea r s that little work has been done to implement these suggestions J 

(U) The greatest danger of the use of sound to control humans appears 

*0 re hear ina loss. At 90 to 120 db temporary and possibly permanent hearing • 

loss occurs, ^ost subjects experience pain at about | 40 db, and at about 160 db 

^~e eardrum is torn. In the range of approximately 120 to 140 db effects such 

as irritability, inefficiency, tiredness, sterility, headaches, insomnia, increased 

excitability, and increased blood pressure have been noted. At levels above 

approximate! y 135 to 140 db, It has been reported that equilibrium is disturbed, 

t*ere is a feeling of oppression, the central nervous system Is stimulated (e.g., 

nausea, tendencies to vomit, difficulty of orientation), there is decreased 

(30 32) 

attention to correct work procedure, and efficiency Is decreased 9 

(U) Ultrasounds (i.e., >20 kc/sec) apparently pose a minimal threat 
tc man at moderate-to-low intensities. They pose a greater threat to insects 
and animals due to their thermal effects*^*. 

BARRIERS AND MECHANICAL DETERRENTS 

(U) This final general category of non lethal weapons Is described in 
< jr f i cnal terms. It includes barriers In the usual sense as well as devices 
inflict physical discomfort through direct mechanical or electrical 

3 c * " 0 n . 

(J Barriers and mechanical deterrents have long been used 3S 3 means 
4 . , . • r t ! i mobs and unruly individuals. Because of this long history of use 
f a r i I i j r i t / , those devices can often be employed in situations 
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, , •••.» v <t r^w,i soph 1 i cat.ed means, Su< h as cnemioul •nidiicr'i , * r ''' I •-*.* 

,,-re-le to tN> ,yw.) I puM i*:. While the loqic of this attitude mignt be 
■ * v- .ir.j„"vnt , the attitude itself must be considered in the process of 

• precise t> pe of nonleth.il weapon system to be used. Thus m 

• . C’.j! m JV w eM be forced to choose something less than the ideal s /Stem m 
jf sc">?th i nj more "acceptable". 

(U) In addition to the 'fact that these are familiar devices for the 
c t r . . i of violence, another advantage stems from the very simplicity of many 
.. them. Even though a particular device may be rather severe in effect, it is 
i ; seiy to be more nearly acceptable if its mechanism and effect are immediately 
e. dent and well understood. Accordingly, while a device such as a billy club 
- 3V Pe capable of inflicting more serious injury, it is likely to occasion less 
-_» C r V than the use of chemical agents of the CS-CN type. A great variety of 
;e v i ces whose effect is largely mechanical are available, allowing the user a 
rjroe o* choice in fitting the weapon to the situation. 

CJ) It is difficult to generalize about the disadvantages of barriers 
,rj restraining devices as many of the disadvantages are peculiar to individual 
sys^e^s. However, several factors should be borne In mind when one considers 
*- e ;r jse. A number of the barrier systems (e.g., barbed wire, barbed tape, 

;nf I arable barriers) are costly,. Some are quite cumbersome, requiring heavy 
expenditures of machine or manpower for their emplacement. In addition, most 
-< tnem have ro built-in decay mechanism, so a costly cleanup operation is 
r e:uired after the emergency situation has passed. If this cleanup is not 
'tcompiisred promptly, persons not Involved in the conflict are caused 
inconvenience. It Is, perhaps, this lack of flexibility which is the most 
senipjs disadvantage of the barrier systems. 

(U) The characteristics worthy of mention of the other items included 

i r. th i s section will be discussed Individually. 

( ! J) In summary, while many of the devices described In this section 
less potential for flexibility of use than a number of the chemical weapons 
• ,_ce and under development, they are well known by the public and are currently 
- police md military arsenals. For this reason, they are likely to remain 

t I tine, 

' ;) T-ece devices serve, in general, to mechanical ly prevent rioters 
.. .. .'•pii'.nirg f.eir purposes and may have the effect of discouraging all. 
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Conventional Barriers 



C. i t'Kvsic.il barriers are barriers in the usual sense, intended to 
. vnt ->r or limit the movement of a crowd, the barriers most useful in crowd T 
contro I situations must be easily transported, read! ly emplaced, effective, 

'•os I st ant to damage or displacement, and convenient to remove when desired. 0‘ 
coarse, they must be as inexpensive as possible. Three types of physical barriers 
,:n t-e considered here: (I) barbed wire, concertina wire, and barbed taps, 

k2> inHatatrle barriers, and (3) nets. 

(U) Several examples of barbed wire and its variants have undergone 
resting b V the U. S. Army in recent years on the basis of both barrier effectiveness 
anj cost. Among those items which have been tested are: 



(1) Standard barbed wire consisting of two-strand No. 12 
wire with four-point barbs spaced 4 inches apart 
(Figure I9A, page A-32). 

(2) German barbed tap? which has four-point barbs spaced 
at l-inch linear Intervals (Figure I9B). 

(3) Barbed-wire concertina made up of single-strand 
coiled spring wire with four-point barbs spaced 2 
inches apart; each roll opens to form a cylinder 

50 feet long and 36 Inches In diameter (Figure 190. 

(4) German barbed-tape concertina consisting of a strip of 
barbed tape crimped around a core wire; rolls of this 
material open to form cylinders 40 feet long and 

33 inches in height (Figure 190). 

(5) Pap idly Emplaced Antipersonnel Obstacle (REAPO), which 
is formed from steel tape with I -7/8- Inch barbs located 
on 4-inch centers (Figure 20A, page A-33). 

The General Purpose, Barbed-Tape Obstacle (GPBTO) 

M r , ; -h is fabricated from 5/8- inch tape with barbs 
located every 4 inches on center; this material 
r>s to form a double helix with the outside coil 
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r ou'rst* wo unj jnj 180 degrees out of phase with 
the Outer coil (Figure 208). 

(L‘ ' Neither the RE. ADO nor the ORHTO have proven to be worthy of + 
gr this tine. The N’t A^o nos been judged poor from the standpoint of 
'V. ; .0 i I I t\ and ruggedness, and in any ljso would be too expensive for most 
implication*. The GF’BTO has similar deficiencies and, in add i t i on f does not' 

-eet vvmmand-cont ro I and booby-trap requ i remen ts^ 5) . 

(U) Inflatable barriers have been investigated, and a number of 
~-anu*acturers have expressed interest in further developing them. At present, 
now ever, no agency appears interested in buying a number of units. Although 
seemingly vulnerable to knives, proper design can essentially eliminate this 
problem. Deployment and removal would be very quick. The barrier is completel/ 
passive, with no risk of such injuries as might be; inflicted by barbed wire. 

~n e inflatable barrier’s prime disadvantage is its probable high cost relative 
tc other devices. In any case, such barriers are not currently available otf- 
tne-s'he If. 

(U) Finally, various nets can be used to constrain a crowd o r riot. 

T-ey have the advantage of being "see-through" and easily transported. Erection 
could be quick if supporting structures were available; otherwise, anchoring the ^ 
net would be a major handicap. We know of no nets presently designed for the 

express purpose of crowd control'. Those systems which we can envision would 

t ^ . (14) 

be relatively expensive 

Other Passive Impediments to Movement 

(U) Recognizing the limitations of conventional "barriers”, as discussed 
above, a number of other passive means for controlling crowd movement have been 
studied. These include caltrops, slippery liquid, foams, and "spider web”. 

Caltrops are four-pronged objects made of sharpened wire constructed so that one 
point is always vertical. Such devices can pierce shoes and inflict serious 
^ J jry (Figure 21, page 33). 

( i j ) Caltrops show some promise from the standpoints of cost and 
* v ; t ; ess. They have the advantage of being very rapidly emplaced. Some 
* .j j go^e into producing caltrops held together by a degradable material 
a . , e/entjally render them ineffective. 



UNCLASSIFIED 



-UNCLASSIFIED 

- H 

* | ^ j* > v j I ! t h i ✓« : p r ■ » v* * n t< j l n f j » r I y %j f f * > i >• • , **..*• : ■ / 

■ * . * *•<»!? ' . j ^ i J i 1 ** p I j v * V! i t f t he f O Jpp r tu h 1 /».* t. * *» ; r ‘ 0 J r *‘ r ' • V ; * i 2 * . * - 
a. t*U' pjf t ot * i vU or j')< mol. I >> s s i L l / P';r *»:►*! 

j- e v-t j •SuiTjLlo” wo jpon -- thjt i ^ , thut the jr o* p , Ten ! , i : , # 

’ .-c.* •*>. vor tjinly j cjltropu barrier w.> ul J Njve j cruel appear on -‘j - y 2 

t 

u'-) A very interesting typo ut impediment is that created h / the 
MqjiJ polymers (sometimes called "instant banjr.j peel"), These ryC/.v 

• * to the point thjt walking or running on a surface coated with them is 

-jjo v.ery difficult. While this material presents some difficult cleanup 

it is a very humane way to frustrate a crowd and therefore its 

. ( 34 ) 

jpp-icjti^n would no 4 ” be psychologically counterproduct i ve 

(o) Similar to "instant banana peel" in that it lowers the coefficient 
friction making walking difficult, Teflon confetti may well have application 
; - "-j*sirg joy kind of purposeful movement difficult for the mob. This material 
j :o particularly effective when spread two or more layers thick, since 
*~e material would be sliding on Itself. Obviously it would find a more 

-io*-l application on a paved street than on bare soil or grass. The material 

is rather expensive at this time because of Its difficult working properties, 

undojptedly the price would drop as the substance becomes more widely 

( 34 ) 

- f e : . 

(U) Various foam machines, adaptations of the type used Ir. f I ref i gr.t i ng # 

~ jv n 3v e applications In controlling crowds. It Is reported that Individuals 

filing t emselves In the midst of the substance become disoriented and lose 
motivation. Suffocation Is not supposed to be a problem since the bubbles burst 
t-e nose and mouth when Inhaled. A fairly sizeable barrier may be formed 

( 14 ) 

r -it i ✓e I y quickly . The composition and generation of the foam determines 
ivgtw i t y and hence the degree of difficulty In cleanup. Foam could easily 
*e y in combination with instant banana peel, but the already difficult cleanup 
;. r 1 1 would then be compounded. Foam shares some of the psychological advantages 
o j t. y instant banana peel, but would probably not be acceptable to Quite 

;. grc*e. being engjlfod In foam would v*ry Mkely be a frighten ing 

• e . 

1 M i **>r web" is a type of adhesive which can bo sprayed out of 
* * . .. i * i . 4 t f ; | s r , -t . ♦ j »ni.,?\ float t^rou )h the air u ntil t*ov 

• * ••• t to • i ..h tn»*y jttioh. I h i •, material w. oj I d appear to 
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> | ^ , t ... .. t ; , . ♦-*>»' t , :v ! t r - jt r .? t I y. * ' *‘ r *' * J - 

. * . , M j i • .-.j' »* J in 1 i II '> r>; , * I * i r j 4 r •" 

. ... , . j ! J . , i r .:«■ J I r t i li'-'i-rs -hi t. * i ) > ! ' i . 

.. / >; : 0 -jloa pr. victim apparently put t',t*. .feet 

sV< t-, 0 piMjer jnj tripped. Th« !♦«"» is in the* form of a 

so tvit or.o of the loops is always upright. Os r Cv 1 /3 “ 1 * 

scattered in front of jn onrushing group Of persons migr.T 
"ro Jo meir progress. 



Mechanical Oeterrents 

(. 5 In tnis category are grouped those weapons which have a direct 
, 3 ! e M e .;t and car. be selectively employed against individuals and groups. 

.. . t-ose are conventionally powered firearms which fire nonlethal projectiles 
s..“ a s r^rer bullets, wood pellets, or special shotgun pellets. The latter 
;o. .os ►j.e one thing In common: they incapacitate by Impact. The victim is 

e -<r i-^red or subjected to enough pain to deter him from aggressive action. 
cow r se, some danger of serious injury Is always present when these methods 
' .er ac i tat ion are applied. The danger can be lessened, but not eliminated 
t> . j i a-ij thorough training in their use. 

wooden pellets 1 1 he those of the "Multiple Baton Shell" are 
. .... i r . * a with « I -1/2- inch-diameter barrel. The pellets are said to 

, ■ - . about the same amount of punishment as a ollly cluD • RubPer 

. c* - . <• s fired in the same manner and produce about, the same effect, 

is "> i r.nerent difference in Interior and exterior ballistics between 
made of rubter and those made of wood. While there would be 

. n>, ir. terminal ballistics due to differences In mechanical properties of 

• • • „ " i lor i j I s , it is doubtful that there would be significant differences 








1 -jtioll hj'j been designed to produce a IojJ r*.*; 

(in 



„* . J Jb yjrJ‘j 

. . m M ;;|o t| j.;n g i v i n it SO"*) VjIviO dS 1 pSyC'ho I O) \ < 4 \ W^JpOn 

*h 'u-j j I so b een carried out on wtfjp'/is which project 
. I vj pj rjLt'or or putty-1 ike bullets 



(.d 4Q ) ^ dn j ^irriil^r items. T r < 



• * ** <■ j ♦ _, * v ■ » *' J i v.' j t o » thjt, jt present, none of these huv * a safety factor 
•jvorjrle enou^' tor widespread use., Nevertheless, rubber bullets have been 
reported in use during recent riots in Northern Ireland. So far as is known, 

~o :e^a i led report has been published regarding their effectiveness. 

(U) Water cannons and h i gh-pressure fire hoses have been used against 
c'-c-Js with varying success. Variations in weather conditions and crowd desire 
vastly and obviously affect results. The initial cost can be low since fire* 
tilting equipment can be borrowed for riot-control purposes. Specially 
jesigned and built vehicles, on the other hand, would be relatively expensive. 

(U) Electric prods, or electrified batons have been used quite 
s jc^es sf u I i y in the past for dispersing crowds* 34 *. They are not as effective 
the crowd has on dry, heavy clothing. Increase of voltage to overcone this 
disadvantage could make the device potentially harmful (heart arrest, etc.). 
Public acceptance of such devices seems low, perhaps because of an assoc 1 at on 
w : th cattle prods. 

(U) Many types of prods, clubs, baions, etc., have been used for 
riot-control purposes. All require significant training to fully realize their 
effectiveness. Quarter staffs, riot batons, nightsticks, billy clubs, saps, 
a-d flails all depend on skillful use to be effective and nonlethal or non- 
per-^ently injurious. The cost of the training required can offset the 
ire* pensive purchase price. It does not appear practical to construct a club 
or prod which cannot produce permanent Injury. Indeed, some command*type weapons 
are designed to be fatal and are not useful In less than critical situations. 

T- s general type of weapon has been used for centuries and Is In some places 
highly refined today. Many examples of these weapons are used in oriental 
^har t i a l arts. 

(u) Further development has taken place, however. In 1964, the 
-..-.or -n Analysis Corporation, under contract to the Advanced Research Projects 
: pod a billy club based on a Japanese woapon of similar design. The 
fy i c i/e which could bo cone o.i I od on a person. Extend i n g 

. ... r the device also featured an extensible sol f - 1 ock i 

( 41 ) 
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MISCELLANEOUS 

hjve been uSeJ very bu^uJ'jbf ul ly to cuntrol crorJ L j o'lt-re T r *„- 
- "-.ib j ?, J i r handlers have been wo I I trained. A few dogs with skilled 

. r' effect control of a crowd which ij uut of proportion to tr,*jir r*;ji 
v 4 J ) 

•jVenrt” InJiscrminjnt, i mmuder ate , and we II -pub I i c i zed use of dogs * -s t 

*\wo.e r # pet then in j bad psycho 1 09 i cj I light', 

(U) A further disadvantage of dogs is that the dog and handler must 
be treated as 3n integral unit which tends to limit their usefulness. The" too, 
*"e Jog requires continual care and training. 

(U) Mon on horseback have long been used successfully to control 
crow:* and even riots. Horses do require substantial and continuous outlay for 
’maintenance. when and how to employ horse-mounted men would depend somewhat 
c" the degree of disorder, since a crowd could maim or otherwise disable a 

(14) 

r :^so .f sufficiently motivated 

(u) The Research Analysis Corporation Investigated the possibility 
c f developing a liquid cold weapon. While It was determined that a small 
weapon of this type could be produced using cold brine as an agent, it was judged 
to be practical since a small weapon would not have the required capacity* 4 ^* 
(U) The marking of people for later apprehension is another technique 
* • c * has been tried In some situations. In a hostile crowd, attempts to arrest 
individuals may provoke the crowd to more violent act Ions. Very often the 
pci ice will not be physically able to make an arrest anyway. It may be 
possible to meet such situations by marking Individuals or vehicles with some 
suitable material for later apprehension. The specific materials proposed 
r ^ r f rom visible dyes, to Invisible markings (sensitive to ultraviolet light 
4 or example), to odor- i dent I f y I ng markings (sensed by dogs or gas chromatographs ) 
-fography ma y facilitate identification but light conditions and Identifying 
features limit the usefulness of photographs. Paint guns, such as Nei-Spot 707, 
are available but have not received extensive use to our knowledge** 4 *. Marking 
3 viable or colored dye seems to act as a deterrent for some individuals 
* wii immediately leave the crowd to avoid being sprayed. 
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A- 1 jpJ A TABLE 1. CHARACTERISTICS 



OF CHEMICAL 



I '• 



s 



1 .u-anac i t at ing Effect 



Agent Symbol or 
Identification 
Number 



Chemical 

and/or 

Common Name Status 



Irritation 



CN 



Chloroacetophenone 



Standard 



Time to Oi 

•of Sv-.r-V 

Ironed i at c 



CS 



O-chlorobenzylidene Standard 

malononltrile 
(super tear gas) 



Immediate 
10 sec, 
depend i 
on cone 
trat ion 



EA1277 



l-chloro # 9-10 Research Immediate 

dihydroarsacridine 
(Excelsior) 



EA3625 



Research Almost 

limed 1* 



BBC 



Bromobenzyl cyanide Standard limed iat 



EA3547 ^ 

126312 , 

EA3365 
EA2542 > 

EA1778 
EA4922 
Capsaicin j 




IlWi’INi; ACKN't’S 



(a) 






1 : to Onset 

. •«. n t oin s Duration of Symptoms Suircnary of Characteristics and Remarks 



Irmv.ediate 



Immediate to 
10 sec, 
depending 
on concen- 
t rat ion 



About 3 min in clean Produces lachrimat ion and general severe 
air irritation of eyes, nose, throat and 

chest, together with burning of sweaty 
skin areas; until recently this was the 
standard 'tear gas* used for riot control 
and as a training aid in CB instruction; 
it is a relatively mild deterrent to 
motivated personnel 



About 10 to 15 min Produces choking sensation in throat and 
in clean air upper respiratory tract leading to 

violent coughing; difficulty in breathing 
(which tends to induce panic), immediate 
lachrimat ion and involuntary eye closure; 
dizziness, running nose and extreme 
burning irritation of sweaty skin; high 
concentrations induce nausea; CS is 
replacing CN as the standard agent for 
controlling riots; it is approximately 
10 times as effective as CN 



Immediate 



Almost 

immediate 



Immed iate 



1 to 5 min; inca- 
pacitation 
symptoms persist 
for 1 to 2 hr 

About 60 min 



Variable, minutes 
to hour 8 



General severe irritation of chest and 
throat; lachrimat ion, running nose, 
headache 



Effects very similar to those of CS but 
much longer lasting; the dose required 
Is much higher than that for CS; recent 
clinical trials suggest that it may be 
necessary to reject this material 

A liquid tear gas producing severe 

lachrimatlon and involuntary eye closure; 
there is some danger of permanent eye 
damage from liquid splash 



The effects produced by each of these 
agents are similar in severity to those 



of CS 



i i i m i— 



Awt r.t Svnbol or 
liU nt 1 i teat ion 
Number 



G»emi ca l 
and / or 
Ccnrmon N ane 




* t i n c 



Diphenylamine 

fhlorarsine (Adamsite) 



; : ’ . i 




DC 



Diphenyl cyanoarsine 



Standard limec 



CN-DH 



Standard 



228926 N-propylnor- 

apomorphlne 

Research 

«y 

5 

sV 



Hiitamino 1 
Eledoieln | 
Erad)klnin j 



Potential f lrm< 

no current 
etatue lnw 



Cutaneou* pain 



CX 



Phosgene oxime 



T^por.ry bllndn... EA1072 (DC) Diethyl dlglycol.t. 



Research lntw 



30: 



N-hrn*nylpropyl Research 

-4* plperldyl 
phenyli yclopertyl 
glycolate 
hydrochloride 



DUMorrwthyl ether 



a • . 



of i ♦ r 



Research 



; u 4 3 n;in 



I nr* 3 ! 1 a t e 



Irme d late 



Immediate on 
eyes; l to 
5 nin on 
• kin 

lTOT*d laf e 
Irnmed 1 at S 
I tine d lata 



Immed 1st a 



- Sot 



: ■!« r rr. t m- i 



!>;r it ionrof Symptoms SuTO^arv of Charact t: r i <■* 1 c * a- ? 

IS min to several This agent affects botli the re^pira*-r. 

hours tract and the vomiting center; sv-p?o-s 

Include extreme discomfort, nausea, 
severe coughing and sneezing, l ach r i t a r i< r. , 
severe headache, pain and tightness of 
chest, continued vomiting; large doses 
cause diarrhea which may persist for 
long periods 



30 to 60 min Effects very similar to those of E* 1 with 

a shorter time to onset; large doses 
will extend nausea and diarrhea to 
many hours 



1 5 min to 2 hr 



Variable 

l to I few 
weeks 



This mixture produces effects characteristic 
of both agents, giving i tot* d i a t e onset 
and symptoms extending over at least 
2 hr, according to the dose received 

Structurally related to apomorphine; 
rapid acting 



Nettlelike effects with severe burning 
pain on skin 



Undetermined 



Severe incapacltat Ing pain and swelling 
under skin similar to wasp sting 



2 to 3 days Blurred vision, eye fogging, t* porery 

part lei blindness resulting from 
comeel opacity; the effects appear to 
be completely reversible 

known for man • Clinical trials are required with this 

materiel 



Jndc't • rml ned 



This effect produces symptoms of unsteajN 
gait, dizziness 



W 






r 




A - ' . 



TAbLL 1. 






Agt»nt Symbol or Chemical 

Identification and/or 

^ irT >ber Corrmon Name 



, v t ;or.ah l e odors 



Skatole 

Mercaptan s 
Pelargonyl 
morpha 1 lde 



<4 \ w i Q 



BZ/ 1 19902 
1 19902/EA3443 



No names yet assigned to 
these compounds 



Research 

Research 



EA 3382 



Re search 



EA3382/220548 



Research 



• la EA2148A S«mvl 



Research 



rp 



302089 



Triaiaapirodecane Research 



• ncf at lc hypotension EA2233 



3*4 9 2-dimethyl- Research 

heptyl 

t at rah yd rocannabinol 
(0-acetyl derivative) 




1 \ tm ' to ihiset 
c \r; (trs 



Suramiry of Characteristics anH Hevar^- 



Duration of Symptoms 



- Not known tor man 



Some odors are particularly objectionable 
to certain people; it appears that there 
is a relationship between racial origin 
and the acceptability of particular 
types of odor 



- Not known for man - 

• Not known for man • 

• Not known for man • 

- Not known for man • 



Anticholinergic effects with those of 
norphinelike materials will give rapid 
reversible end long*last ing paralysis 
69 6 result of disturbance in function 
cf the central nervous system, impaired 
motor coordination and, possibly, 
convulsions; animal results suggest 
that in man symptoms might appear in 
10 to 20 min and persist for several 
hours; all these mixtures will produce 
these effects, but clinics* research is 
still awaited to support the use of any 
aa an agent 



2 to 10 min 6 to 8 hr 



Symptoms Induced include ataxia, spatial 
distortions, nausaa, vomiting, and 
analgaala, loading to anesthesia; low 
doses produce psychotropic effects while 
high doses produce anesthesia. 



• Not known for esn 



Intravenous dose of 0.25 mg/kg produces 
quiet sleep from which subject can be 
easily awakened; Intravenous dossgs 
of 20 a^/kg produces sedation, allaying 
of anxiety and reduced motivation 



Variable, 15 8 to 24 hr 

t o 60 min 



Lowered blood pressure sufficient for 

casualty to remain aware of circumstances 
when prone, any attempt to rise produces 
leased late collapse; additional affects 
produced include hallucinations, 
euphoria ataxia and sluggishness 




(4)J> (c crvtnrnn 



At, 



ti c it at inn Effect 



Agent Symbol or 
Ident if icatlon 
Number 



Chemical 

and/or 

Common Sense Status 



T i re to 
of 



V t --n t d 1 effects 



EA1729 



D-lysergic acid Research 

diethylamide (LSD) 



BZ 


3-quinucl id inyl 
benzilate 


Standard 


1/2 to 


EA3834 


4 -methyl -4 -piper idyl 
Di-iaopropyl phenyl 
glycolate 


Research 




EA3695 


H-methyl -4-piper idyl 
cyclopropyl phenyl 
glycolate 


Research 




302196 


1-methyl -4-piper idyl 
cyclopenyl -1- 
proplonyl glycolate 


Research 




226101 


1-2-tropanyl-l-cyclo- 

pentyi-2-thienyl 

glycolate 


Research 




302668 


4-(l-methyl-l t 2 # 3,6- 
t e t r ah yd r opyr id 1 ne ) 
methyl or -Isopropyl - 
or -phenylglycolate 






CS4640 


Etonltazlne 


Research 


20 sec 


EA3580-A 


N-methyl -4-plper Idyl 
cyclo butyl phenyl 
glycolate hydro- 
chloride 


Research 


1 to 2 



EA3580-B 



(Fret bast) 



; a r i 



•. d:\ h 






- arch 



arch 



•art h 



< * i <j . 



) 



. ; « t o ihiset 

v Du r a t i on of S ymp tons 

ic 

I > -in 10 to 12 hr l, 



1/2 to 2 hr 2 to 4 hr t possibly 

up to 5 to 6 days 
according to dose 

• Not known for man - 



- Not known for man - 



- Not known for man - 



• Not known for man • 



- Not known for man - 



20 «ec 4 hr 



t to 2 hr 12 to 18 hr 



S urrrrva r y of Characteristics and 

The effects of LSD include Illusions, 
mental confusion, faulty sense of time, 
euphoria, hallucinations and depression 
accompanied by the physiological effects 
of stimulation of the central nervous 
system, sweating, tremors, hypertension, 
ataxia and prostration 

Ail these compounds produce anticholinergic 
effects similar to those of BZ; central 
and peripheral effects include confusion, 
hallucination, rapid heart action, 
lachrlmat ion, headache, extreme 
drowsiness, tremors, limb weakness and 
prostration; time to onset of symptoms 
varies with the several agents between 
almost immediate and several hours; 
similarly, duration of these symptoms 
ranges from minutes to several hours 
and possibly days; clinical trials are 
required with all these materials 



Not yet regarded is safe for primates; 
work Is being done to find related 
compounds with more acceptable safety 
Mrgln 



Waiting further tests on man 



• :mji Vrncrwr. for man • Awaiting further tests on man 




*1 ‘ : ■ '■ 
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TABLE 1. (Continued 



' - - n •' i i *■ a t { ^ Effect 


Agent Symbol or 
Identification 
Number 


Chemical 
and/or 
Conmon Name 


Status 


Time to 

of Svr.p 




E A 344 3 


4 -methyl -4 -pi per idyl 
cyclo butyl phenyl 
glycolate 


Research 


5 to 8 h 
( peak 




EA3167 


3-quinucl id inyl 

phenyl cyclopentyl 
glycolate 


Research 





( a ) 



Adapted 

V.vdriasl 



from data in Reference 1. 

s is a long-continued or excessive dilation of the pupil 



of the eye. 








. , uuii-.n u ! ) 



Time to Onset 

c t Symptoms Duration of Symptoms 

S to 8 hr 48 to 100 hr 

(pe-K effect) (mydriasis) 



Surmarv of Characteristics and Remark* 

Similar effects to BZ t but more toxic; no 
undesirable side effects 



- Not known for man - 



.• ve 




(oom ibLi'Prnvn 








UNCLASSIFIED 

A- I I 

START! H 
Mixumt 




DISC safety lever 



FIGURE 1. MILITARY M7A3 GRENADE (U) 



Description: The ARC-*'7A2 and ^L^/^^and f medVi tn^ItfO ? ai orenace 

container fiMed with Dvrotech«.c CS m.xture and f ^ ^ Qrenade . Three 

♦ » h i ch is screwed into a fu*e adapte rrpnadG The emission holes are 
o-issio" holes are. located In the ° f)| ,, nn fron moisture. The M7A2 

covered with adhesive tape to P^tec . ^ <m is manufactured. Th e 

- i ‘ ‘ors fro- the N'7A3 only i n the way In i ’’ ' t in oe I at in cao- 

v7A 2 i fined with a pyrotechnic nix J"< ^ « ^llt red CS aoent. 
s ,; s The (A7A5 is filled with a pyrotechnic mix and peuerize 



(U) 



Characteristics: 

Total .lelqht . . 

Filler Weight . 

Height 

Diameter 

Container Body 
Material . . • 



. . 16 OZ 

. . 9.5 or 
. . 5-3/4 in. 

. . 2-1/4 in. 

. . Steel 



Fure Tine 

Burning Tine . • • 
Range 

Manufacturer . . . 



0.7 to 2.0 sec 
15 to 35 sec 
35 m (hand tossed) 
145 m (rifle fired) 
Military 



UNCLASSIFIED 



UNCLASSIFIED 

A- I 




RUBBER BOOY 

FIGURE 2. NORTHROP RUBBER BALL GRENADE (U) 



(U) Description: This device, available to law enforcement agencies, contains 

*0 of CS and 40 grams of nyrotechnic agent. Four emission holes 

'seated in the body cf the grenade. During discharge the grenade roves 
r i r ’ d • y alonT the ground, propel lod by the escaping agent. There Is no 
* v~d > or f raoner tat i on of the grenade body. 

( ! J) Ch,) t acteristics : 

Total Weight 0.46 lb 

Filler Weight .... 100 g 

Height 4-3/4 in. 

Diameter 3-1/4 in. 

C'/nt-i i rj : r Body 

’ 5 t_f r i ^ 1 Pubbor 

9 i r ) : )■ » f r ' .m f'r f , r . ) 

UNCLASSIFIED 



Fuze Time 2.5 sec 

Burning Time ... 10 sec 

Range Hand tossed 

Manufacturer . . . Northrop 

Carolina, Inc. 




UNCLASSIFIED 

A- I * 




LAYER OF 

starter MATERIAL 



FIGURE 3. FEDERAL TRIPLE CHASER GRENADE (U) 



(U) Description: Available to civil lax enforcement agencies, this grenade 

separates Into three parts which bounce along the ground, functioning 
like three separate grenades. Agent Is discharged from the emission 
holes in each section. There Is no further explosion or fragmentation 
of the three sections once Initial separation has taken place*^. 



Characteristics: 




Total Weight . . . 


. . 24 oz (CN) 
20.5 oz (CS) 


Filler Weight . . 


. . 290 g (CN) 
265 g (CS) 


Height 


. . 6-1/4 In. 
(with fuze) 


Diameter 


. . 2-5/8 In. 
(at base) 


Container Body 
Material . . . . 


. . Aluminum 



Fuze Time . . . . .2 sec 

Burning Time ... 25 sec 

Range Hand tossed 

Manufacturer . . . Federal 

Laboratories, 

Inc. 



.-jnr) cj it ,3 from Reference 3.) 



UNCLASSIFIED 





UNCLASSIFIED 




Mj) Description: T*e X’.*i7CI is intended to replace the V7^ senes grenade now 

‘ CG pyrotechnic mixture will effectively blanket an area of 8 

S 3 „re meters to a height of at least 2 refers. The rangeland the 

• effected by the agent will vary somewhat with the velooty and 

The X ,, ?27U fuze contains two safety features: the 

: . t K, safety latch. The safety pin is located through the 

i 3 -d the XV227EI fuze body. The safety latch, a comp onent o 

♦ i e/or, is engaged with o lock pin located trough e 



: ^ y . 



' ;; Chara zter i sti cs : 
Total Weight . 

fil :<t Weight 



r .' . / 



350 to 400 q 
POO q 
Spherical 

3-1/2 in. 

p i i t* ti f * r 



Tuze Time . . 
Burninq T ime 
Range . . . . 



Manufac turrr 



UNCLASSIFIED 



2 .t 7 sec 



Hand tossed (approx. 
35 to 45 m) 

Mi 1 1 1 ary 









UNCLASSIFIED 



A-l‘; 



HULL MING 



AGENT 



SLIDER ASSEMBLY 
WITH PRIMER. DELAY 
ELEMENT AND DETONATOR 



ARMING 

SLftVF 




FIRING SPRING 



PLASTIC BODY 



PLASTIC 
FILLER PLUG 



FIRING PIN 

FIGURE 5. MILITARY M25A2 CS1 GRENADE (U) 



(U) Description: This grenade is a special-purpose, bursting-type used to 

control riots, mobs, and other disturbances. It is designed to minimize 
casualties from flying fragments by utilization of a frangible plastic 
body. 



(U) The spherical body of the grenade consists of two plastic hemispheres 
cemented together. The grenade is filled with approximately CSI 
(mi cropu I ver i zed CS) and is fitted with a detonator-type fuze. The fuze 
assembly is contained in a slider which moves in an integrally molded 
burster well. A safety pin retains an arming -|r«v? control s .the 

fuze action. After the safety pin is withdrawn, release of The arming 
sleeve permits the spring-loaded slider to travel the length of the 
burster well to impact on a firing pin at the bottom of the well, exploding 
the detonator, shattering the grenade, and dispersing the CSI filling. 



(U) Characteristics: 

Total Weight 8 oz Fuze Time 1.4 to 3 sec 

Filler Weight . . . . 2 oz Burning Time ... 

Height . 3-5/16 in. Range Hand tossed 

(with fuze) (approx. 40 m) 

Diameter 2-7/8 in. Manufacturer . . . Military 

Container Body 

Material Plastic 



f Drawing from Reference 3* dita fro 



u 




3 and 8. ) . 





UNCLASSIFIED 

A- 1 1 . 




PULL RING 



FIGURE 6. FEDERAL BLAST DISPERSION GRENADE (U) 



(U) 



■WEPE 

thrown clear during the functioning of the grenade. 



(U) Characteristics: 
Total Weiqht . . 

Filler Weight 



Height . 
Oi a meter 



Container Body 
Material . . 



15-1/2 oz (CN) 
15 oz (CS) 

220 q (CN) 

220 g (CS) 

6-1/4 in. 

2-5/8 in. 

(at base) 



Aluminum 



Fuze Time 2 sec 

Burning Time . . . 

Range Hand tossed 

Manufacturer . . • Federal 

Labora tor-.es 
Inc. 



f Draw i ng and data from Reference 3.) 

UNCLASSIFIED 




UNCLASSIFIED 




FIGURE 7. MILITARY DISPERSER, RIOT CONTROL AGENT, PORTABLE, M3 (U) 



(U) Description: The M3 disperser is designed to disseminate mi cropu I ver-i zed 

riot-control agents. It consists of an M9 disperser gun connected by an 
'■‘3 hose to a modified M2AI Portable Flamethrower Fuel and Pressure Unit. 
The % '9 gun permits release of mi cropu I veri zed CS (CS-I) in short bursts 
or in one continuous discharge. This is a military unit but may be 
loaned to civilian police agencies under emergency conditions. 

(U) Characteristics: 



Weight Range 40 ft (in 

(Operational). . . 55 lb (approx.) still air) 

Operating Pressure . 30 to 90 psi Duration of 

(discharge) Fire 20 sec 

Available Air Area Coverage . . . 2300 to 3800 

Pressure 1700 to 2100 psi m2 

(high pressure 
section) 

Agent Capaci ty . . . 8 lb of CS1 Manufacturer . . . Military 

(4 lb in each task) 



ti'r-'z * <)/yf i f ron Mo f ^ jnd ) 

UNCLASSIFIED 




UNCLASSIFIED 




FIGURE 8. 



MILITARY DISPERSER, RIOT CONTROL AGENT 
HELICOPTER- OR VEHICLE-MOUNTED, M4 (U) 



rr i ot i on : 

UNCLASSIFIED 





UNCLASSIFIED 



9 



•ft* 1 

< ‘ J ^ 

' i 1 1 * ■ 



-n 



j tut.'.jl.ir 



,* V n T ■ ' 
I i ccp 

wv jn t in 
hoso . 

A r'f'v he 
J i SSen i 
me hel 
j i spers 



3,1 iT-»r, /.if i u-jv, <.< -n U'A . * r 

fr.jniu. It i , i fi t**n<l»* : 

-r i j * v h»*M 
} f.,f -,<jv jr i n-j the dispor.er in th«* ? 

ir .;«• i.‘, furnished tf,r rji v.h.jr*:i' 

% >r v »‘hiv It?. A flexible nozzle* ( f^.r 
.«) irritant agent disperser gun ' fsr 



vs- • tr u'-, ire nr 
i e. A ! a- t ! i •>-. * 
u t i Je t n,» he I i I , i.' t « M 
* e f mcun t i h = 0 ,m*.J . j r> 

0 lrv provijtvl; either can be attached to the 10-foot dissh 

1 he h.) j i sperser nuy be mounted in the cargo compartment of 
Meerters H- H or loner. The major advantage of this; means 
nation is the large area coverage achieved and the ability o 
i copter to hover or fly slowly over a specific area while 
inq an jgen I . 



le 



jr '> 

the 

of 



(U) Characteristics: 
Weight 

(Operational). . 
Operating Pressure . 

Available Air 

Pressure 

Agent Capacity . . . 
Range 



Duration of Fire ... 2 min (gun) 



208 lb 




20 sec (heli- 


45 ± 5 psi 




copter hose) 


(discharge) 


Area Coverage 


.... Discharge 
distance: 


2000 psi (high- 




1200 to 1500 m 


pressure section) 


Manufacturer . 


.... Military 


50 lb of CS1 


40 ft (in still 
air [with gun]) 

50 to 150 ft 
from helicopter 
(helicopter 
elevation; 75 
to 100 ft) 







(Photo and data from Reference 8.) 




UNCLASSIFIED 




UNCLASSIFIED 

A-.-'O 




FIGURE 9. MILITARY DISPERSER, RIOT CONTROL AGENT, 
HELICOPTER- OR VEHICLE-MOUNTED, M5 (U) 



(U) Description! The M5 disperser is designed to disseminate micropulverized 
riot-control agents either from the air or from a vehicle. The M5 is a 
product improvement of the M4; it is lighter in weight, has a larger 
volume of discharge air, utilizes commercially available components, is 
simpler to operate, and can utilize prefilled agent containers. Field 
filling of the agent container can also be accomplished. The M5 disperser 
consists of an agent container tank, two air cylinders, a tubular 
aluminum' frame, an M9 riot-control -agent disperser gun (for vehicle 
mounting) with a 12-foot hose, a 12-foot discharge hose (for helicopter 
mounting), and various controls and instruments. Fittings and holddown 
straps are provided for securing the disperser in a helicopter or ground 
veM i c I e . 



UNCLASSIFIED 



UNCLASSIFIED 

A-/ I 



Characteristics: 

Weight 

(Operational). . 
Operating Pressure 

Available Air 
Pressure . . . . 

Agent Capacity . . 
Range 



. 200 lb 

. 45 to 55 psi 
(discharge) 

. 200 to 2000 psi 
(high-pressure 
section) 

. 40 lb of CS1 

. 40 ft (in still 
air [with gun]) 

50 to 150 ft 
from helicopter 
(hel icopter 
elevation: 75 

to 100 ft) 



Duration of Fire . 

Area Coverage . . 
Manufacturer . . . 



. . 2 min (gun) 

20 sec (hel i- 
copter hose) 

. . 50,000 (es 

. . Military 



(Drawing from Reference 3; data from Reference 8.) 



UNCLASSIFIED 



UNCLASSIFIED 




FIGURE 10. MILITARY DISPERSER, RIOT CONTROL 
AGENT, PORTABLE, M106V») (U) 



t< j) Description: The -.'1 06' d ' srorser is used +' oissemina+e microoulvenzed 

, eSC ..,:;* rol aoe nts for or-rcl of -obs . or other disturbances cr 

< : 0 . jrD oses as blow! no riot-c^tro* «rt s into tunnels cr under- 

... ^tifirations to t| : c„ ■ .? r -son no; subject area. The M r 

; ^^ fT . r . or .- : ,~ r * i r .-1 ! j;/!-pr-\onvor adapted *or ^ i I i 1 3 r\ 

: ^ -orslsts 0 * a 4 r y>. : >.<i ,!-H .a V- ! -».vor powered hy a +wo-s+re*e 

'*"* ^ 3 r ,, i ; - .^r r^poi .vs the r.i cr or u I ve r ‘ ‘ ze. 

- * . • ~ - j 'T o i ! e *r r - O 1 ' * r . ' ' ' • ■ ' • 

. i <v .^ ■ . i ; to t>io* t^e agent 

* 4 • . , > • . • . r • ■ . *■> j o • *.' 7 ^ ^ C ^ i re ° a P e s 

• _ • . . ; ; t , , • ' . • ( ' in ; (• <iV I ten-, 

. , f. . ... . . : . ■ * • • : ; .per ■■•ot i ■'7b .V 



UNCLASSIFIED 






; ) Characteristics: 
Weight 

(Operational ) . 
Operating Volume 
Agent Capacity . 



, •' ' v ‘ i .: 4 - " 

* :/<*; ; -J ■ .. - 

UNCtSiSSfFIED 

A-.'i 



Range 

. . 35 to 37 lb 

. . 450 cfm Duration of Fire. . 

. . 8 lb of CS1 Manufacturer. . . . . 

(Photo and data from Reference 8.) 



r 

. 40 ft (in 
still air) 

. 4 to 5 min 

. Military 



UNCLASSIFIED 




UNCLASSIFIED 




FIGURE 11. PTG-100 AND -200 DISPERSER (U) 



. fPTn-?00 is illustrated above) utilizes either 

u) Description: This Sparser (PTG ?° nt capa city of 5 or 10 pounds, depend. n 
-icrcculver.zed CN j or C . - a ^ ^ unJt , 

on whether one (PTG-100) or two v « aaents. The agent is released 

dry nitrogen pressure to expel + d on the discharge hose nozz.e. 

in short bursts utilising a trigger coated J£ t < 8 nd agent 

•«*...« * — * 

coeration. 



(U) Characteristics: 
Ueiqht 

(Operational ) . 
Agent Capacity . 
Range 



. 37 lb (PTG-100) 
46 lb (PTG-200) 

. 5 lb (PTG-100) 
10 lb (PTG-200) 

. 75 ft (in still 
air) 



Duration of Fire. . . Variable 



Manufacturer 



. B & H 
Enterprises, 
Inc. 



(Growing and doto from Inference 3.) 

UNCLASSIFIED 




UNCLASSIFIED 

A - . * 
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ASitMBLV 



FIGURE 12. GOEC MK-XII PEPPER FOG (U) 



(U) Description: The Mark Xll-A Generator (Pepper Fog) employs the resonant 

pulse-jet principle to generate hot gases flowing at high velocity. The 
high-velocity gases atomize the liquid formulation (CS, CN) instantly so 
that it is vaporized and condensed so rapidly that thermal breakdown of 
the chemical is nonexistent or negligible. The fog particle size is, 
controllable from I to 50 microns and beyond, with smaller particle sizes 
associated with lower formulation flow rates. 

(U) Characteristics: 

Weight Duration of Fire. . . 10 to 20 min 

(Operational). . . 27 lb 

Agent Capacity ... 1 gal (liquid) Manufacturer .... General Ordnance 

Equipment 

Corporation 

(NOTE: specifications are for the newer Mk-XII-A which is shorter In 

overall length and slightly modified from the Mk-XII shown here.) 



(Drawing and da+a from Reference 3.) 



UNCLASSIFIED 






PRIMER - 

(U) 

(FOUO) 

(U) 



FUR OFFICIAL USE ONLY 



OH ASS 
OAbl 



f IN ST AUU Ul O HI AST K 
PHOJl CTIl t 




SMI t L CASt 




PROPELLING 

CHARGE 



FIGURE 13. 



AAI SGA-100 BARRICADE PROJECTILE (U) 



Description: The AM projectile m:,v be fired from all uncho ed 2-ga. .e 

, The injection-molded Mastic projectile contains 3 cut-c 

Vn'f^rs of CS In solution. -:'ne round will effectively eontan. s * 

^ v I"-* >ot roof", following impact and perforation of " ■ " -c* ~r * - e 
Mass’ tne projectile disintegrates and instantaneously “' s *®^'2 a ^ S . 
li-jid riot aaent throughout the enclosed atmosphere in the fo - - 

Uor-M Particle aerosol. The projectile has a flat trajectory :,M: 
ICO yards and is non lethal beyond 250 yards. Tests indicate penetration 
.gainst .utonotl.. safety glass at 100 -foot rsnge; 
mich plate glass or do-ble window plus aluminum screen a y - 

-Ms item was tested by Deseret Test Center, Dugway Proving Ground, and 
. ,. n a cafpt v release. It was then recommended that the u. 
m--tjnent3l Army Command make further evaluation. It should be stressec 
tnat this can be a lethal weapon if inexpertly handled. 



Characteristics: 

Total Weight . . 

Filler Weiqht . 

Fuze Time . • • 

Agent Emission 
Time . . . . ■ 



. . 17.2 q 
. . 3 cc 
. . Impact 

. . Instantaneous 



Maximum Range . . 
Muzzle Velocity . 

Size 

3ody Material . . 

Manufacturer . . 



. 500 yd 

. 1000 fps 

. 12 ga 

. . Plastic, 

Injection molded 

. . AAI Corporation 



'Rawing from Reference 3; data from References 3 and II.) 



FOR OFFICIAL USE ONLY 




UNCLASSIFIED 

■k-i i 




(U) Description: This munition can be 

At 37.5° elevation the shell will h 
ranges are secured by bouncing the 
very high elevation. When the gun 
the gun and the delay is ignited, 
ignites the burster, which ruptures 
instantaneously release a cloud of 
projectile body will remain In one 
off during discharg©. 



fired from both 37- and 38-mm weapons. 

It the ground at about 90 yards. Shorter 
shell along the ground or by firing at 
is fired the projectile is propelled from 
Approximately 3 seconds later the delay 
the projectile along rupture grooves to 
mlcropulverized agent. The aluminum 
piece and no metal fragments are thrown 



(U) 



Characteristics: 



Total Weight . . . 8.5 oz (CS or CN) 
Filler Weiqht . . 80 q (CS or CN) 
Delay Time .... 3 sec 
Aqent Emission 

Time Instantaneous 

Maximum Range . . 90 yd 



Muzzle Velocity 
Caliber . . . . 
Body Material . 
Manufacturer . 



(Drawing and data from Reference 3.) 

UNCLASSIFIED 



140 fps 
1-1/2 (38 mm; 

A1 umi num 

Federal Laboratories, 
Inc. 



UNCLASSIFIED 







FIGURE 15. FEDERAL SHORT RANGE SHELL (U) 



(U) Description: To is she I I is ‘ 1 [’'■ ii " 

in s ♦ * I I 3 i r the r.jjx i '"un < r ' rn * > ■ : J r 
m \rz will carry the acent *o r or«>- * h 
3 of. rvicrcbu’ veri red a /sent O.T- 

m_;2le ♦he Cun. *i th t-e e'voc t i o 
2 : -scharae consists )t tiller. This " 

(U) Characteristics: 

Total Weiqht .... 8 02 (CS or CN) 
Filler Weiqht . . . 8 oz (CS or CN) 
Aqent Emission 

Time Instantaneous 

Maximum Range ... 25 to 30 ft 

(in still air) 



r Vl -t ly jt «■*»*_» t>?lt 1 070 1 o* t*e 

m :.? ,f;.t 30 feet , f.t a «3vc-atie 

v .. jo. /.non rt. i s s“el I is fires 
r\) lasted directly *rc"- ♦-.e 

.force i iqht wads, the entire 
it ion rr ce fired from both 37- 



Caliber .... 1*1/2 (38 mm) 

Body Material . Aluminum 

Manufacturer. . Federal Laboratories, 
Inc. 



(Drawing and data *ron Reference 3.) 
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FIGURE 16. FLYING HYPODERMIC SYRINGE (U) 
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DYE MARKER DART 
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Nipodfffn'C ^fidjfi in do'f form ♦or 
proved, practical humone proc»M# fhn pr<» ( eci.*e cun 
deliver and m,ecf a Icc dote inf© onupprocuhoble ommoli. 
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PrcDvdtfd ompyle% ore available lor toori ny by eeferin orient 
the irivm it iwjecffd by joinpifurd air behind a pulon 
gOer the n<* cJle ha* come fa re>f *n lle»h. 

•uperb accuracy •* o comidefobl* foeior in if* 
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fhi* prejtclii* it provided in timiior weight ond balance to 
the vorieu* "line 1 ' dort* to give o similor trajectory pattern 
•o that the trainee con get the feel of the gun without expend- 
ing expensive round*. It con be fired indefinitely at "toft" 
forget* — o mot or pod i* twggeted o» o bocbttop for framing. 

TEAR GAS DART 
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fhi* dart it designed to carry 1 Set of f.guid 
•ear go* that cover* on area of I J' to IS" 
in diameter. If ho* o *ofefy *pring dip. The 
*f«p it withdrawn on loading, making the 
projectile ready for firing. 
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The fear go* it eefremely effective when 
applied to the perten even if the hit i* not 
in the direct area of the eye*. If'* procti* 
col to ihool at rang#* f< am fO to 50 yards. 
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FIGURE 18. 



•COVERY TIME FROM FLASH BLINDNESS AS 
FUNCTION OF BRIGHTNESS OF FLASH' 
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FIGURE 19. OBSTACLE MATERIEL: BARBED WIRE, GERMAN BARBED TAPE, 

BARBED-WIRE CONCERTINA, AND GERMAN BARBED-TAPE 
CONCERTINA (U)( 33 ) 
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ON 
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Chemical Agents and Delivery Systems 



l . 



'•V >0 ! ^en f V. 
222, No. 



S., Chemical, and 
\ pp lb-? 1 ' (m tv 



• < I ( ' L.'. >(' I (..A l. A f A : -‘M* i' c i on t i f i r A me r 
l‘i/0) (IJNri.ASOiriL'j) (PA 7 *8,l 7 v4) # . 



(U) This paper discusses both Irthal and incapacitating- 
chemical and biological weapons, including antiplant agents. 
An example of an incapacitating biological weapon is 
Venezuelan equine encephalitis. The risks of using Such 
weapons are discussed and their military shortcomings are 
considered. I ncapac i t at i ng chemical agents with both long- 
term effects (e.g., BZ) and short-term effects (e.g., CS) 
are discussed. The use of CS and of antiplant agents in 
Vietnam is reviewed, and the advantages and dangers of 
such use are discussed. 



.vi I snack, R. W., et al., COMPREHENSIVE LAW AND ORDER ASSISTANCE 
AND DEVELOPMENT (CLOARAD PROGRAM), Report No. 70-08, U. S. Army 
Laporatory, Aberdeen Proving Ground, Maryland (May 1970, 97 pp 
USE ONLY) (PA 38,039). 

CCVouOl This report summarizes i nfor..,at ion that suggests 
criteria that could serve as genera! guidelines for 
improving hardware and tactics for dealing with crowd- 
control problems. It is suggested that control options 
should make use of troop mobility, graduated levels of 
nonlethal force, selective removal of individuals, 
controlled dispersal, communication with the crowd, 
observation and identification of crowd participants, 
and self-policing by members of the crowd. The discussion 
of nonlethal forces includes consideration of chemical 
agents. 
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Side! I, F. R., COMPOUND 302,668: AEROSOL ADMINISTRATION TO MAN (U), Report 

No. EATR-4395, for the period July 1968 - September 1968, Medical Research 
Laboratory, Edgewood Arsenal, Maryland (May 1970), 27 pp (CONFIDENTI AL/Grou? 
(PA 37,960). 



G >V 



Compound 302,668 is a glycolate which has potent 
ant i cno I i nerg i c activity. In this study, human subjects 
inhaled an aerosol of the compound to estimate the 



jn:er * jentify documents held in the RA"!C data base, and PS I numbers 
•>j r Oify lor jments from the Physical Security Information Analysis Center at 

an numbers indicate documents available from the Defense Decumentatie 
O'-n*-. r 'V,r) p Cameron Station, Alexandria, Virginia 22314. Neither RAC 1C nor 
• •S' is able to make secondary distribution of these documents; however, they 
be r»? : .ested from the originjfing agency or HOC. 
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Urr^p s ) i -'A V\4b7). 

u) I nvest i gat ions conducted ;>vi‘f a 4 -year period *o 
iaentifv chemical agents thjt produce incapacitating 
effects in 30 seconds to 5 mi nates with a C- to 3-hour 
duration are reviewed. Data presented include code 
ranker s, chemical structures, toxi cologi ca I screening 
data and, for selected compounds, physical constants. 

No distinction is made os to the relative military 
potential of one compound over another except insofar 
as mentioned in discussions of structure-act i vi Ty 
re I ationshi ps t . 

5. Witten, B., et al., MALODOROUS SUBSTANCES AS RIOT CONTROL AND TROOP TRAINING 
AGENTS, Report No. EATR-4370, for the period May 1969 - November 1969, 
Chemical Research Laboratory, Edgewood Arsenal, Maryland (March 1970), 33 pd 
(UNCLASSIFIED) (PA 37,727). 

(U) WHO ‘-‘E is a malodorous substance, developed during 
and after World War II, with the chemical composition, 
by volume: 20 percent phenyl mercaptan, 10 percent 

diethyl sulfide, 10 percent isovaleric acid, and 
60 percent t-butyl mercaptan. This report discusses 
work tc develop WHO me as a riot-control and troop- 
training agent. This included work to thicken the 
substance and development of a frangible dissemination 
container. The container chosen was a hollow eggshell 
treated by immersion in a 10 percent waterglass 
(sodium silicate) solution for several days. The 
shell was sealed with epoxy cement end a small aluminum 
cap. Field tests were conducted and it was found that 
ore egg containing about 40 ml of WHO ME readily 
con tam i rated the air in summer weather for a distance 
of at least 100 yards downwind. Psycho I eg i ca I tests 
0 * t r e effectiveness 0 * WHO Mf are still needed. 



- - re a‘ r ed dosaoe which is incapacitating to ^0 percent of the subjects. 
- - -on + r j t icr- which i 0 in ,'ip.jc i t it i ng to 00 percent of the subjects. 
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M'M, A., .inj M^rshon, M. M. # THt CU I Ata IRRITANT M AU !*,N TO 
A ; t NT 0-OiL,-RDtUN2U IDl NL MAlONI 1UIII (C5): I. QUANTITATION AN(j RAM A! 

INKUtNUL IN HUMAN SUIUIUTb, Report No. LATH-4552, for the period 
-ivV^vr MRS - April |9t'H, Clinu.jl Research Department, Medical Resear ' r 
L abora tory , Edgewood Arsenal Research L aborator i es , Edgewood Arsenal, 
v d"\ i inj (February 1970), .’t> pp ( UNCLA55 IF I ED) ( PA 37,940), AU 865' I 36 L. 

(tl) This study confirmed that Negroes are less susceptible 
to irritant dermatitis from CS2 than are Caucasians. On 
both forearm and back, the production of minimal perceptible 
erythema required approx i ma te I y twice the exposure time 
on Negroes. If the barrier layer of skin is removed, 
the difference is lost. There is no racial' difference in 
the stinging sensation caused by CS penetrating through 
the transappendagea I route. The difference in the 
melanin content if the barrier layer between the two races 
may account for the difference in reactivity, possibly 
by react i ng w i th CS . . 

Rengstorff, Ma j . R. H., TEAR-GAS AND RIOT CONTROL AGENTS: A REVIEW OF EYE 
EFFECTS, Special Publication No. EASP-I00-7I, for the period M ar ch I960 - 
November 1968, Medical Research Laboratory, Edgewood Arsenal, Maryland 
(February 1970), 16 pp (UNCLASSIFIED) (PA 37,652). 

(U) This report summarizes current knowledge regarding 
the effects of CS and CN agents on human eyes. It 
draws both on experimental work and on reports resulting 
from the actual use of these agents. A summary of 
documented eye injuries involving CN are presented 
tabularly and discussed in some detail. Causes of these 
injuries, i .e. , the CN or blast and fragments, cannot be 
determined because of imprecise reporting procedures. 

Experimental work related to distance from gun to pistol 
and to the age of pellets Is discussed. Experimental work 
with CS on human volunteers at Edgewood Is reviewed. 

Nothing other than transient effects on the eyes has 
oeen found and visual accuity has been found to return to 
normal several minutes after exposure. 

Witten, B., THE SEARCH FOR TOXIC CHEMICAL AGENTS (U), Report No. EaTR- 42, fo 
the period August 23, 1966 - June I, 1967, Chemical Research Laboratory, 
Edgewood Arsenal Research Laborator ies, Edgewood Arsenal, Maryland 
(November 1969), 369 pp (CONFIDENTI AL/Group I) (PA 37,697). 

(U) The status of research relating to toxic compounds 
and their possible role in chemical warfare Is reviewed. 

It contains very detailed Information on "standard" 
chemical agents. Irritants, depressants, plant poisons, 
toxins, and poisonous marine and land animals. The 
report contains primarily data available up to July 
I 966 . 
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a. A., L-f.Ll Vi 'T - ‘ . T I -*•' I T ANFNT r , r i r> j I Import No. C9>- I 7 , o. 1. 

• jr Laboratory, A; ,»r j«.vf' Proving ''round, *•* ir y I and ( r otober 1*0;, 
appendices (, r - 0 v‘ f r I ; i -V. i‘/L \L V ) (PA 3h,OB), Mj BO 50 L. 



a sjr-vev o f various weapons ^js shown that a projectile 
< i rvJ * rom a conventional IU-mjco shotgun is the most 
practical method tor dispersing small volumes (3 ml) of 
anti -riot 3cents at ranges up to 300 *oet. The 12-gauoe 
ar^I-riot round discussed is presently Suitable only for 
Mishina out persons barricaded in a room or vehicle, and 
~ 3 v not be fired directly at a Human target. It is also 
suooested that CS is the only practical and acceptable agent. 
Current I y available, for military use in civil disturbance 
situations. Finally, an ultraviolet light f I ucrescent-dye 
Substance (sodium Huorescin) is recommended for covertly 
dve-marking rioters. It is pointed out, however, that there 
is presently no nor.iniuriouS frangible round that could 
celiver the dve at a human target at ranges up to 300 feet . 



~\T~ ' l-a'tFNT CS, *•*’. NIT 1 r 'N ' , ANT PIS p ER?ERS (U) , Feed a I Publ icaticn No. 
^^.4 Co^^cdi^v '-‘an a cement Office, Edaewood Arsenal, Maryland 
M2 pp (C^NF I CENT I AL/'Voup 3) (PA 37,010). 



f j) # *. Army CS systems, including those under development 
to meet ENSURE recu I rements , are described. The data provided 
* G r systems under development reflect character i st i cs of the 
b^esert design cmf i qurat i or.s . The information provided in 
♦his report is based on the best data available at tine of 
publication 3 rd may differ from that given in official Army 
docjmen tat i on . 
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a^d Vickie*!-./, A. P., HAZAPDS STUDY OF THE E40 CS SKITTERHC- 
:.f.;rrt ’jo. (. AT'->-45! *?, for the period Fppruary l°>64 - June 1^64, 

•• ’ if -;r i*ory , rdoow-.-'d 'V'v’nil i-.'s^arch I ahor itories , Edoe.ood 

•• ,r /• - r 3 (July 1 0*/‘ ),/•■) pp (rr,p OFFICIAL u-d. ONLY) (PA 
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thi^ «, t j Jy t=) (j»»t t *rnine and define 

r> ,r> [or jfi.'.njl tjSt' 4 rf the f 4d CS 



ruOliitiHi ua u m u 



sk ■ t ter i nq can I «t,*r t - ■- pers-rnel aqiinst *h<;r" it night : »* 

Two ‘,ourvt“; . ♦ h.i/.irds w ert; i d*?M t i f i ol : (i) U i.j" 

r rori M unt impact by the i jrMStef, and (?) contort Lumc 
t ron the ignited C'- ‘-p v r '• t»>>. *»ni c- mix disseminated from the 
c.tn i s ter k.<c i t i ce . 



(a* 



Canisters dropped fr«*m on altitude o* 250 feet, the 
approximate distance of *al I when the item is dropped f 
o low-flying aircraft, produced little damage when imported 
0^3 i ns r gel at i n.-f i I led jnJ -coated human skulls and live- 
goat forgets. Likewise, the risk of serious injury from 
skittering canisters is si ight except in the case of the 
eyes. 

I?. Crockett, T. 5., POLICE CHEMICAL AGENTS MANUAL, International. Association o* 
Chiefs of Police, Inc., Professional Standards Division, Washington, D. D. 
(1969), 196 pp (UNCLASSIFIED) (PSl-752). 

(U) This report is one of the most complete works available 
on the chemical agents used by civilian police forces. The 
various chapters deal with policy and procedure; an intro- 
ductory discussion of chemical agents; dissemination and 
delivery systems; the tactical use of chemical agents; 
aerosol irritant projectors; protective masks; first aid 
and decontamination; chemical agent training; and prestock, 
procurement and storage of chemical munitions. Numerous 
sketches and line drawings are used to represent 
employment techniques, equipment and munitions. The 
appendices contain information on legal decisions in cases 
stemming from the use of chemical munitions. 

14. Evans, E. R. , RIOT CONTROL DEVICE, VEHICLE CS DISPENSER, Final Report Nc. 
LWL-CR-09C68, from AAI Corporation, Cockeysvi Me, Maryland, to U. S. Armv 
Limited War Laboratory, Aberdeen Proving Ground, Maryland, Contract 

No. DAA05-68-C-0389 (December 1968), 9 pp (UNCLASSIFIED) (PA 34,548). 

(U) Units have been developed for dispersing CS from the 
exhaust of a military jeep. Tnese units are capable of 
delivering I quart of a 4 percent solution of CS in 
methylene chloride into the exhaust. They operate in 6 
to 8 minutes with an engine speed of 1500 to 2000 rpm. 

When dispersed, the CS solution is completely vaporized 
by passing through the venturi and covers a large 
target area In a minimum time. The vehicle’s engine 
and exhaust are not adversely affected by the operation. 

15. Etarge, H., et al., CAR PROJECT FINAL: INCAPACITATING AGENT RESEARCH (U), 

Report for the period April 1967 - July 1968, from FMC Corp., Chemical 

h and Development Center, Princeton, New Jersey, and Kazeltine 
l ar. 0 r ator i es , Inc., Falls Church, Virginia, to Chemical Research Laboratory., 
r dee wood Arsenal, Maryland, Contract to. DA A- I 5-67 -C- 04 84 (October 1^65), 

74 sc ( C Vif I DC NT I At/Group 3) (PA 36,154), AD 395 008 L. 

Mj) The Chomir .31 Agent Research (CAP) Project involved 
s/nthesi/ing or otherw i so ob t a i n i ng chemicals of va I uc 

( wr? P i j ' j i , 1 1 For or r im jf UsoT T rt ry ) - W ^ 
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;•! t.int, in fun .i'll s. ro.-ninj tf..n I r, y. i 1 1 •- f - r 

fo^ivitv jnJ Ofnt-l.il syf’iptomat- .lo IV. 6- HUio-J'-du V it ?• i 1 
inj-rovi-J properties over knv-wn in ipoc i t -it i n-.j oi'-n ■>, ,r 
w ; rh unusu.ll biological effatv, «i*ro studied in Vt.nl 
to qualify them for test in.? inhum-ms. vunty— < Jh • 

« t i w v'.inpounJ'. woro \. y n t h t *■-> i .-e J under t i . ( ...n r.i , 
mjt-.inn a to to I of I 357 compounds submitf.-d under t'.t.- 
CAR proiect since I9u3. tv.iluu.tion of c > e '' ur '’ 1 f 
olvcoldtes cu I mi njted in recomnwnd.it ton of CAR 
3-(!-azibycloC2.2.2]oct-2-ene) methyl a-<.yc I open ty I 
a-pheny I glycol ate, for prec I i n i ca I evaluation, when 
compared with EA 3580 A, EA 3834, and CAR 302,668, it 
h 3 d the shortest onset time and in the rabbit myurtasis 
(a lonq-continued or excessive dilation of the pupil o 
the eye) test the longest duration. It was found more 
potent than CAR 302,668 but less potent than the other 
two compounds. 

.. ctAhl f J et al FORENSIC ASPECTS OF. TEAR-GAS PEN GUNS, Journal 
"• ^iiic'sii^! VO 13. NO. 4. p„ 442-469 (October .968) lUNCLACS . 

( PS I -C- 504), AD 680 558. 

(U) The legal implications related to the offensive and 
defensive firing of tear-gas pens are discussed, and 
the pathologic findings in injuries in an experimental 
animal are presented, as well as an original method 
for quantitative determination of chloroacetophenone 
In tissues and body fluids by toxicologic methods. 

17 40-MM CS RIOT-CONTROL CARTRIDGE, XM674, AND 40-W TRAINING CARTRIDGE, *‘.'675, 

Technical Information Report No. 36.1.1.8(1), from Research °. vision 
Governmental Affairs Institute, Washington, D. C., to ^myWatoriel C° nr - -• 
Washington. D. C.. Contract No. DAAG39-69-C-000I (July 1968), 4 pp 
(UNCLASSIFIED) (PA 33,983), AD 839 969. 

(U) This report describes the XM674 40-mm CS riot-control 
cartridge and the XM675 40-mm red smoke training 
cartridge. Both can be projected by the M- 7 9 grenade 
launchers or the M8 pyrotechnic pistol or hand-fired to 
ranges of 70 to 100 meters. They will permeate an area 
of about 35 sguare meters to a height of approximately 
2 meters. 

, 8 Mitten B., NONLETHAL AGENTS IN CRIME AND RIOT CONTROL (U), Memorandum No. 

,8 ‘ Ern^-i: Chemical Research laboratory. Edgewood Arsena R-earch . 

Laboratories, Edgewood Arsenal, Maryland (July 1968), 28 pp -CON 
Group 3) (PA 33,928). 

The two most promising classes of incapacitating 
V agents for use in crime and riot control are^the 

sensory irritants and compounds that act on the cen ra 
nervous system. Sensory irritants are effective on 
direct contact with the eyes but are not suitable where 
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l „ ' . * : * - . * j ♦ i ‘ • * i | y n ' r ♦ f \ i n IS r* i r rj t » i 1 . r ♦ 4 : j i r » ■ J . 

. • r ,>'• t ' . -.t'-.if . n i *■ ; inr* ! t , 1 I /’;r 1 i\ t if g 

I t I '■ »u • .yf •. ) . ! • r., . t ; r )fv I s i n g jg.-r. T i r. ' 

* • . ‘ • -t •. .*• I j • jr . * 1 f . t hf * i . < t jr, j I ■ , i * f t f • j r ; J j 1 I i / 1 r *q 
i * > # .»?'• ? i ^ . I i '*v»r : i « - , if. ) v- f;i t i f— . T*. 

j ' r * n)«- if ■ * JM T .jS I v • ■ t f 1 ’» t i v>' -> 1 : 1 = 1 * t »* 

S ttM ti * k e r* i tv of .n tioP/.-iri.j "<.jy tike f ror. 

. 1 1 »" i n *j tv-> •'.t'v *r,i I t < ) act, I no* i r duration 

** ,i\ v.jrv t.ror hours to to we**ks. 

-t. ^ u T t R PI S ; 'LN JLR Asp PA;*;hi L2 2 Kl i -O =N r|-*( t ar;i *jj * v 71 v. # .N •<.*.: i . 3 . 

Inform. jtijn Report So. 3f,-.l; 1.13, fr.:m ■ »*v.ejr h LMff, LiniverJ*/ of 
* i t r sp». r ;h , to A f my Materiel Command, Resejrr n 3nd Development U » res t^rate , 
;v,n, n. C. , iVntr.kt No. (»A-49- | 8t,- A*-!L>? I 1(1/) (May 1968), 4 pp 
v V L a irup) (PA 5 3,O f ~' g) - 

i\ ) A dispenser system for delivering tagged CS2 from 
r el ; cocterb has been developed and tested. The system 
releases 2,090 0.35-pound bags of powdered CS2 from an 
j'^itude of 1500 feet or higher. This amount of CS2 
c-eates an intolerable contamination level over an area 
arojt 30 meters wide and 1 50 to 200 meters long. The 
dispense;* is made of lightweight aluminum and is 
Suspended from the helicopter by means of a sling and 
c }-qo rock.' r u | ly loaded, it weighs about 1,000 pounds 
and any helicopter equipped to lift this weight can be 
used as a carrier. It can be jettisoned by the pilot 
at any time. 

Coaxes, J. r ., SAFE POLICE WEAPONS, Science & Technology, pp 52-59 (May 1969) 
(.‘.CLASSIFIED) (PA 29,090). 

r J) This short article explains how nonlethal weapons 
m i gh t aid T ' combatting crime more than does the 
~-n /e rtional si^earm. Some of the candidate nonlethal 
*eapgrs are the tranquilizer dart, tear-ga-s spray 
'*~e~sers, and chemical dyes and marking agents. The 
article also deals somewhat with the philosophical 
desirability of nonlethal as opposed to lethal weapons. 



■:l .-on-eld, S. N. , EMPLOYMENT OF THE RIOT CONTROL AGENT CS IN VIETNAM (u), 

No. VACV C 001260-66, Office of the Science Advisor, Military Assistance 
0c' ,r ma n ':, Vietnam (April 30, 1968), 22 pp ( SECRET/Group 4) (PA 34,415). 
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This report tracer the history of the employment of 
L m Vietnam, and presents current usage practices and 
doctrine. It includes detailed examples of the actual 
.oe of CC weapons ,jnd provides j catalog of CS weapons 
wjilaolo for joe in Vititnam. A picture is given of 

c r ‘.'O* .*'• t jr. j prospective employment of CS in Vietnam 
a* i s developed from discussions in the field 

.i t r , , p i and officers who have employed CS, from 
'-! it j I / ■> i c of the use of CS in Hue during 

!*‘t ■ / ♦ t-r, j i /.j period, from perusal of many jfter- 
I • i including s- ;me in which detailed 

: : . ,r* ... i * n participants was possible, from news 
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M. ■.. t-J ‘Mr’Jfi h, . 1 ’ I !*‘1 I •' » ’ ' *• ; l ' f 
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’■ : ♦ 1 1 «• If-/. , ; .ifMf -i JO.', »*’ * )->' r -* f,r 'R 

!.> «»*»• . New v ork. to th-mlcal l-it.c-r-i. <«•,, 



: ♦ 1 1 1 . ir.- ; .jf^r * jo*’, • u f * - 

* i „ »•. v » •- l t , - , i h* *^i r 1 1 *• l. it-c / r *i ■ *t j , 

i-stiT^V, -t »n^sel tor, «ew -ors Tw -y Sl / „ 

Ki^eircn l.rt*..*r jtor i »*-.» , i .j'$**v^od ''r^njl , - 
V- DAI 8-l03-A‘V-l05 ( F eur u iry 10 5 up (C /^FIl'E <TI Al./ j»roup 



V' . DA l o- 1 JO“ n - I U ; vrt-;.?»ujiy 1 ' ' » 

a * 4 ,"*^), AD *91 D0*>. 

0*>/f j^e pjr-vso of this -esearch program was to discover 

compounds th.it incapacitate or immobilize humans. 
i,„r, v i nj teiv 700 numbero i compounds were either synthesizes 
o‘- jeered from other sources. They were examined by a 
-J*h e r\ of tests in a variety of animal species and their 
Ves of pharmacological activity and potency were determined. 

<v „‘ re ** 3n 40 tests were used including the CRL mouse primary 
screen anj other standard pharmacological procedures. Hew 
Docedures «ere also designed and used to measure specific 
Does of activity. The compounds studied represented 
about 20 chemical classes. 

. G . and Thuman, W. C., RESEARCH STUDIES ON THE DISSEVINATICN OF 
r a\ o' l ! O'U I C AGENTS, Final Report for the period Apr 1 1 1964 “Decern er 

^-"Stanford Research Institute, Menlo Park, California. Physical 
jseanc- Laboratory, Edgewood Arsenal, Maryland vDecember 1967), 147 pp 
“A 35,090), AD 827 272. 

i <\ a literature search and a research program were conducted 
♦o provide basic information necessary for an overall 
improvement of chemical -agent dissemination techniques. 

-—-as is was placed on explosive and pyro+echmc processes. 

•Vterial pretreatment, atomization, electrostatics, and 
j!*-r 3 5 onic processes were also included. Natural aerosol 
‘prm 3 tion processes were studied as well to determine if 
s-me aspect of these processes could be adapted to chemical 
,~ort dissemination. This report summarizes the results 
cf that research and answers many questions that arise 
•-ezir qinq dissemination techniques. 

r- r ft pTp,oGE, XM65IEI (U), Technical Information Report No. 

-* 3 ff. university Of Pittsburgh, to Army Materiel Co^nd, 
a-d Development electorate, Washington, 0. C., Contract No. 

- .4 .- 1 -( -t'.r -2 1 4 ( D) (November 1967), 5 pp ( CONFIDENT I Al/Group > 

r r,,r, rz r^rtri.jq^ is intended for use in 

, ; t J it i '.r-, \ji r ' n;*»ntioml forces. It is fired 
<r * ^ t . r , "it | j , n r »s effective in sma II # 

j| ^ r . » j -, ;p to r :0O0 cuhir feet in volur>e 

. .... . ' r ,—r* j r '. * ~ > t*, f q ;n prp I ,y .»>men fs , Outpx^st 

.r.m . ^ jrm./oi tr- ip.-'" i r r V 1 n D vehicles, «^nd similar 
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* 



'■ ■ : *;•' t -.i- o * i . » p i n t - t .jr ■ j» • t • ! i ' (-.if. *-i I j r t.*r r .r 

P P i i i t v - ’t feet when fired ijiinot i v*.-rti(,j| 

* > • ;« 1 * tt i r j n . :* > *f 200 Het**ro . 




mIA;s»p I >*<' !,i ;f !*r [A;, f NR .«- •' , * Vi N r 'U|r,ffe # 

* • w ‘ t he p» • r i > ‘ ! • \ t ;t •» * r I • ' . to J ifij.jry I 9h 7 , Institute 4 or f - ; r 

» ierve M-j Terhnol qv i 1 i v i s i ofi , •'* r I i ng ton , ^‘ir-jinicj (Vwember l.# 
w. A - /ini.:') 0 A 50,4V), Ad oM 041 . 



(• ) '‘'•is report discusses the rale of nonleth.il weapons, in 
! a*-or fercemen t activities. They are considered appropriate 
♦or two. major c losses of situations: those in which an 

or^jni-ed group of officers is confronted with a large 
number of people who must be controlled or dispersed; and 
T nose in which one or a few officers must apprehend one 
or more criminals or suspects or are confronted with people 
must be controlled. Recommendations are made regarding 
research and development that is needed in the areas of 
weapon development, problem analysis, determination of 
objectives, test and evaluation, and reportage and training, 
v^emica! weapons discussed include Mace, long-range spray 
cu'is, specific agents, darts, and methods of indirect 
f ncarac i tat ion , such as vomiting agents and sneezing 
powders. 

A'^T-CCMRCL-AGENT CS, MUNITIONS, AND DISPERSERS (U), Technical Memorandum 
. EATv 601-1, Customer Relations and Commodity Management Office, 
cewocd Arsenal, Maryland (October 1967), 39 pp (CONFI DENTI AL/Group 3) 

( c a 3i ,982), AD 384 192 L. 



(U) This report reviews the characteri sties and effects 
of CS agent. It also discusses the standard CS munitions 
and dispenser systems. 

CHARACTERISTICS OF RIOT CONTROL AGENT CS, Special Publication No. EASP-600-1 
Ebgewcod Arsenal, Maryland (October 1967) (UNCLASSIFIED) (PSI-C-440), 
a 2 661 319. 



(L) This is a brief report summarizing current knowledge 

p fi the riot-control agent CS, its history, its character i st i cs , 

its dispersal, its effects, and its safety factor. 

C! ~I 0 T HAND GRENADE, XM47, AND SIMULANT RIOT HAND GRENADE, XM48, Technical 
information Peport No. 36.1.1.9, from Research Staff, University of 
Pittsburgh, to Army Materiel Command, Research and Development Directorate, 
rt^irqton, o. C., Contract No. DA-49- 1 86-AMC-2 14(D) (June 1967), 3 pp 
' .N'.LA;CIFIED) (PA 28,593). 

'>,) This report describes the XM47 nonlethal CS riot hand 
■: r ’'.*n.- 3 do jrd the XM4 8 PS/WS (red or white "“moke) trainino 
/**rsion of it. \ 4 *j th grenades are spherical casings of 
r -bDer, about 5-1/2 inches in diameter, containing about 
‘•(•/teen l/-q r jm c. insulated submunitions and equipped with 
b.Vbutt on initiators. At a range of 55 to 45 meters, 

4 * ** ; r '.o r -trjr. to will permeate an ,jr*M of 150 square meters 
4 , i h*'*ig r -t o 4 about 2 motors. 
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,1.4, .nuK.-a 

.. .. ,| in . c.^n tor I n*ur. S ' tjjT,jP 

J | rP-^tno H-m-p.'-I time mjp.', * * f r ' roton-noe ,he 
r ■. I low in j Proud areas- o- i-'i-V Concern: escalation, 

,\mnand and control proulor pel i t *co I cun, tra . 

Imp I icat ions are derived i :• the 'owing poi.y 

related areas: (a) 1 ' m ' 1 J ; ,J,Vj ^ ' ;1, lor 

, nJ related limitations on and opr '-!un i ties fur 

0-41'u, jnJ biological weapon <»> «w -»*;^'** 

ot an o, ere. tension of Frod »IJ forces in <*=• 

,- T , in ,| no threat ot insurgency an^ i nsT aD i i i Ty , 

jwj (C) the development ot multinational counter , nsurgency 

forces and its implications for the use of chemical 

jnd Diological weapons. 

.. p M RIOTS. REVOLTS and INSURRECTIONS. Springfield. Illinois. 

SaHes’c! Thomas (1967). 523 pp (UNCLASSIFIED) CPSI-l-9). 

(U) Chapter 25 deals with the use- of the baton chemical 
loenPs! s»ke. water, dogs, and sound to combat crowds. 

EMi , R. «. (TRC1. and KeHogg, J. ''d™. °5 ” “ " 

I\C.p(c l T AT I MG .GENTS IN WARF.RE ^ 'Sinology 

Travelers Research Center, Inc., Har o , u pa d auar +ers, U. S. Air Force, 

^■gsw'i'ngton^D^C. ^Con+rac+^No^AF iSc638)-t 584 (September 1966). 490 pp 
( SECRET/Group 3) (PA 25,492). 

The purpose of the study is to assess the Imp I i cations 
the use of incapacitating weapons in I «">!+ed war- 
counterinsurgency operations by an '"ves '? 
accordance with the following study object . ves . 

^:r iii; sissij.w --‘ pr^ r , , ifv 

jmsskm 

attitudes within the leadership element pf the U. 5., ana 

on informed public opinion; and (4) exam ne 

and political usefulness by comparison with the domest c 

attitudes toward lethal weapons. 





UNCLASSIFIED 

I I 

, r: : .. i ! ! 'll! Ml! [J .'.'H-Vl.NI T I ! ' N, < •, . 

? ■ * *!♦ ■ i n i ! • • I T if**-, ■ ' f A"n *r : «■ ; j r. r» •; r • • .• •» ♦ . • ; [. , ♦ » . . 

'* "f ! ’v , 1 i f uj trv l l< , No. 42' , 4 'M f * ,;r. ic : 

V* I - *1 ) . 

MM rjU'f'.t . net*, j jfv't- »• f.r • I * /*.*r i r g i rnjmt.-t/r 
o* t t » ir-,]js J i *■ pr »r’ -..i * r in fr jrijit-U* r. ri i t t,*r . Aft*;r 
jMrvrsjl from the jjn i s T t*i - , *\ich sub-muni t I >n is t<j 
h-. r ’n propellent jn.l te.ir-'MS rix^ro. The id van tjgos 
c* this jo v i co for dispersing i tear-gjs uqent is that 
e JCh SjP-nun i t ion is propelled along the ground jnd 
hooonos hot os the propellent burns. These two factors 
moke it difficult for a person to pick it up and throw 
•t back at control personnel. 

-eesee, v . , NEW DART GUNS FIGHT CRIME!, Guns and Ammo, Vo I 10, No. 8, 
pp 36-?4 (August 1966) (UNCLASSIFIED) (PA 25,419). 

(U) The Smith and Wesson-Mercox Dart Projectile Gun is 
designed for spec i a I -s i tuat ion police and military use 
where conventional weapons are not desirable. The gun 
wses .22-caliber blanks to propel a dartlike projectile 
at various velocities. The darts may carry any of 
several payloads or warheads, including narking dyes, 
shaped charges, and hypodermic syringes. 

^OGRESS REPORT, U. S. Army Limited War Laboratory, Aberdeen Proving Ground, 
Maryland (June 30, 1966), 182 pp (CONFI DENT I AL/Group 4) (PA 26,286), 

AD 374 723 L. 

(U) This document presents a description and status 
report of all tasks included in the FY 66 program of 
the U. S. Army Limited War Laboratory. A number of 
nonlethal weapon studies are included: application 

of selected CW agents in unconventional warfare; 
miniature CS disseminator and personnel marking. 

3 a dove , M . s., Schmidt, J. L. , and Lutz, G. A., STATE-OF-THE-ART STUDY ON 
IMPAIRMENT OF VOLUNTARY MUSCULAR ACTIVITY (U), Report No. BAT-171 -1 7, from 
pac I C, Battel I e Memorial Institute, Columbus Laboratories, Columbus, Ohio, 
Advanced Research Projects Agency, Washington, D. C., Contract No. SD-I7I 
(February 15, 1966), 155 pp ( SECRET/NOFORN/Group I) (PA 9417), AD 370 233. 

(U) A study was conducted to provide guidelines for 
obtaining incapacitating agents that act by impairing 
voluntary muscular activity. Although many such drugs 
are available, an agent is needed that will be practical 
where subjects are not under control. A wide variety 
of agents are discussed. These include curarlform drugs, 
sedat i ves , tranqu i I i zers , ana I ges i cs , ha I uci nogens , 
antihistamines, se i zure-p roduc i ng drugs, tremor-producing 
crjgs, myalgia-producing drugs, cholinergic agents, 
re j r ot',x 1 ns , and venoms. Also discussed are the potency. 
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( : i ^ T^is is prvt:jMv th*» Host thorough d<.*S’.r i p 1 » text 
jvjikcie on the r.inoo of to ir nos munitions us<;d by^ 
i"Hi mi I i f jr\ .md soli! on 1 he commercial market. It is 
out of do to, .is now commerc i a I dove I opments 
njvd become ovji I JD I e since i t was written. 
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•voit I M. and Smith, L). J., NONI.ETIIAl INCAPACITATING WEAPON: GAS-PPO»ELL 

I a 'T-PROJ ECT I LE FEASIBILITY AND DEVELOPMENT STUDY, Technical Paper No. 

A '-TP- 1 38, from Research Analysis Corp., McLean, Virginia, +o Advanced 
esearch Projects Agency, Washington, D..C., Contract No. SD-212 (September 
12 pp (UNCLASSIFIED) (PA 22,408). 



Uj) This study describes a feasible prototype sys+em that 
can accurately deliver an incapacitating agent or a marking 
material 40 to 50 feet. The launcher is designed for 
simplicity of operation and portability. It utilizes C0_ 
to propel a projectile at muzzle velocities below 100 fpS. 
The noise accompanying launching is minimal, making it 
difficult to detect the firing source. The prototype 
projectile is a 4.5-inch machined steel cylinder, 0.5. inch 
in diameter, which contains a .22-caliber blank cartridge 
and a 0.042-inch 5 gelatine capsule as fhe incapacitating 
agent or marking material. It is relatively stable in 
flight and detonates with a sharp report and startling 
flash under an impact force of less than 2 pounds. On 
impact the detonation disperses the agent or marxing 
med i urn. 



<U) Optimization of the system would require lighter- 
weight expendable projectiles with a larger capsule for 
the aqent. For temperatures less than 40 F, added thermal 
energy for the (X^ such as body warmth or a heated holster 
i s requ i red . 

THE TOXICOLOGY OF CN, CS & DM, Special Summary Report, U. S. Army Edgewood 
Arsenal. Chemical Research and Development Laboratories, Edgewood Arsenal, 
■■’aryiand (September 1965), 35 + pp (UNCLASSIFIED) (PA 22,436). 

<•■) The effects of CN, CS, and DM and their toxicity are 
d ; scussed. D*' 1 produces systemic effects in addition to 
its irritant action and in one case, one of 22 men exposed 
t-o C’ wh i le asleep in an Army barracks died. This victim 
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uoy .. . . , .o, from Institute for Defense Analyses, Arlington, Virginia, 
to Advanced Kesejrcn (’rejects Agency, Washington, D.. C., Contract .Jo. Ji >~ jj 
(September l7o. pp (CDNF I Cl NT I AL/ 1 iroup 4) (PA 19,128). 



(U) The des • on of chemical warfare agents is basically 
outside the main stream of conventional pharmacologic 
research. Consequently, the new rationality of pharmacology 
has been principally directed at therapeutics, prophylaxis, 
and other problems of health. Some potential ly useful areas 
of phys i o I oq i ca I disruption are, therefore, not likely to 
aet attention in the conventional pharmacological investi- 
gations unless specific support is supplied in those areas 
by the mi I i tary . 



(U) An exhaustive analysis of the biochemical and physiological 
functions of the organ systems of the body would provide the 
necessary basis for a comprehensive rational research program 
for non- lethal agents, which would be not only strong in the 
short term, but fruitful and innovative in the long term. 

This systematic approach to the biochemistry and physiology 
of incapacitation Is here called organ-system analysis. 



(U) Organ-system analysis can result in several kinds of 
conclusions by drawing attention ( I ) to potentially toxic 
disruptions for which agents could be designed by a rational 
approach to the biochemistry of the system In question; 

(2) to agents whose effects warrant further structure-function 
studies; and (3) to agents whose utility is now neglected. 

In the present study, the detailed organ-system analyses are 
limited to the visual system and to voluntary muscle systems. 

O. Kropa , E. L., STUDY OF I rjCAPAC I TAT ING DARTS (U), Report No. BAT- 1 7 1 -31 , from 
PACIC. Battel le Memorial Institute, Columbus Laboratories, Columbus, Ohio, 
to Advanced Research Projects Agency, Washington, D. C., Contract No. SD-I7I 
(June 30, 1965), 42 pp ( CONFIDENT I AL/Group 3) (PA 12,958), AD 367 711 L. 

Tho 'h ^rac tor i st i cs and effects of curari forr drugs and 
delwery systems for those drugs are reviewed. It is 
I ■jded th'it for the maximum degree of immobilization 

r ,j r f roph i c nervous and card i ovascu I ar side effects, 
fk-.o r . j r a r i trie compounds might have to be combined with 
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^ ^ S ^ f 1 n 0^ • 

r r » ■ 1 . liJ'Mtj V A!- - 1 • -UN I i v ' IM^NCAL 

U. .......... -.. "« t' r ( ‘ vr i‘!..* i ;;. , i';.vAV Il„ I .-part No. HTM-C-229-9. 

... !Mt >AkI ‘ ‘ nil,»,i»,..lo c.enif.ol iwmW and 

tron Ml Ke^earch In^ > A 1 Contract No . 

.'cvelv'Civot LaDorjtof ies, v'o * (r.OUF l t’l.NT I AL/Oroup 4) 

■A-IS-lO^-^’L-7166 (December ... ,P 

‘(PA I5,30t.<), AO W L • 

\_°Xx The Objective of this progr.m was to study the effects 

i -h^ricils on the overt behavior and on various 

of new vher, itJb o 4 rAt , jhe effectiveness 

Physiological systems of dogs .in- cats. g fQ these 

of several pharmacolog. ca I ^jents ^ ^ ^ program dev&te(j 
compounds was a I so studie . • fof reasuring B Z antagonists 

to the evaluation o f * ms studied were food consumpt.on 

respiratory and cardiac responses m spinal cats. 

. oinT rnMTRP! Vi I TH CHEMICAL AGENTS, Marine Corps 
«• <"•"» ,96n <UNCLASSIF ' ED ’ ,PS ’- C -‘ M ’- 

Is s short article which describes how the military 

s ssws- 

to these agents. 
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Electromagnetic S pectrum 

, . it BRIGHT LIGHT MOB DISPERSAL CANDLE (RC), Final Report !° r 

?970>. 17 PP (UNCLASSIFIED) (PA 57,891). 

1 1 1 umihat Inq cehdles cohteihlhg colored 
wafers that provided al+erna^n. g a d Seyen teen 

'‘t-ItT^^t^i Phhdlet were Pernod ih Thiohol's 

jlnh rer.rel ah, I (her others i i te J Oy hand ^ , 

7’, i rt . me candle -insists of a one-inch w er ea of 
' :. r Lri and red- fla-e-prodi, ring compos i t ions fo I lowed by 
•'ffdird T ■' I r .l. I II ii-d while lioht illummant. 
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44. ojoKus, *3., K’LMOTl i N : mON: lir.’Ai 

April JS p I 9u8 - JoMuor v .‘5, !')•>, fn.rr Vei 

to Vnjl Air Systems Command , Aas* i n j U>n , U. C. , Contrast fJo 
(April 19^), D7 pp (C.NMCI.M ! At / '.roup 5) (PA 35,797). 



Report for tr.e per i- 
urcs , V i r g i r. 
fj'JOOl 9-6*!-C-o 
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) The inc!Jo°fj| observ.jt ions of h jman subjects in a 
’'flicker'* environment and the difficulties often 
encountered bv the observers in following the actions 
ot primate subjects who were being exposed to stimuli 
(otter the observers were under considerable discomfort, 
*n;ie the squirrel monkeys were showing little concern) 
suggests the susceptibility of man to stimuli is greater 
than that of- the lower primates* 



(U) Most of the primate subjects were able to deliberately 
minimize the effects of f I icker by the simple expedients 
o * remaining motionless, moving very slowly, or shielding 
their eyes. Experiments showed that flicker is more 
effective in creating vertiginous effects in human 
subjects who are moving than in those who are standing 
still. y 



45. INDUSTRY OBSERVER, Aviation Week & Space Technology, Vol 90, No. 2, p 13 
(January 13, 1969) (UNCLASSIFIED) (PA 34,499). 

(U) At 6 to 8 cycles per second, the flashing apparently 
produces an out-of-phase response of the Iris and optic 
nerve. ^ Resulting loss of depth perception leads to an 
Inability to avoid visible obstacles or to aim weapons 
effectively at moving targets. At 25 cycles per second, 
the flashing interferes with alpha waves which control 
the ability of the brain to concentrate. 

46. Belton, C. E., et al., EXPOSURE OF MEN TO INTERMITTENT PHOTIC STIMULATION 
UNDER SIMULATED I FR CONDITIONS, Civil Aeromedical Institute, Oklahoma City 
Oklahoma (October 1966), 7 pp ( UNCLASS I F I ED) (PA 27,463), AD 646 872. 

(U) The purpose of this study was to determine whether 
or not a group of normal young men showed any electro- 
enceohalographic changes during and following photic 
Stimulation 3S it might occur in flight. Ten young 
^en, all volunteers, who had no history of syncope or 
soi /ire W^ro exposed to i n tormi t tent phot i c stimulation 
at each J three frequencies. Analysis of the records 
r jko" i n * xper i ment- I revealed no evidence of seizure, 
r,(j W" r -jq' r uS, in d no pr,)tic driving. 
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reaJiU .nor rn,. oyos ,n.| t-o f U-u^V 

is Plo^e to tho n- tifs 1 niyl*^, 

BtMAMvVAL RSSrWS. I ! *.’! : I A 1 I •.. .-rmr,, r ;. ‘ 

the period "av 20 - *u.iusr if. I ,r " r ' ‘•‘•‘I r >r , • nc . , r.,1 I , ...» ^'_ r \ \ 

to Neva I Air Systems CommarV, Washington, I'. x -> n r “• 

(Undated), 19 pp (UNl'LASS I r : t : J) (PA 24, Of, 9). 

(U) This studv on human response to light flicker found 
that in the experiments conducted appreciable ambient 
I i gh t enormous I v reduced the observed effects. ihe 
observed effects were: 



(1) Ntotor coordination was markedly impaired 
in most cases within a frequency range of 
from 4.5 to 5.5 Hz. This was observed 
during walking around obstacles on the 
laboratory floor and similar activity. 

(2) Men seemed more affected than women and 
younger women more than older ones. 

(3) Some subjects experienced a sense of 
giddiness. In a few Instances this 
began immediately on exposure and in 
others progressed with continued 
exposure. 



(4) In a few cases there were distortions 
of perspective in that there was 
difficulty In determining the relative 
distances of objects along the line of 
sight. 

(5) There was a wide variation In terms of 
persistence of qlddiness, when Induced, 
following cessation of exposure. Maximum 
persistence was about 15 minutes and the 
minimum about 30 seconds. 



(6) The rest effective duty cycle was about 
20 percent. Duty cycles approximating 
50 percent and exceeding this were markedly 
less effective. 



(7) Uo noticeable effects were observed within 
the alpha rhythm range of 8 to 12 Hz. 





UNCLASSIFIED 

1/ 

( S) At I ) t^or »* * IS ir»du. t»:j ,i C'jriouS Op*ic.,il 
efftvt [ *>bt dt‘vrib*»d JS i multiplicity of 
Of ^w ling i'l.K k sh,tp»‘s in the visual field. 

This ot*orf (VCurnsl a t virtual ly the Srime 
frc'Ouenov for thost? subjects reporting it 
jnj wds.guite sh.irply M tunable** in that a 
frequency change of t! Hz reduced it 
cons i derat' I y . 

(Q) \y^ 5 t subjects stated that they believed it 
would be difficult or impossible for them to 
perform relatively h i gh-sk i I I -type tasks 
with accuracy during flicker exposure. 

Lutz, 0. A., et al., STATE-OF-THE-ART STUDY ON PE RSONNEL BARRIERS (U), 
Report No. BAT-171-50, from RAC I C, Battel le Memorial Institute, Columbus 
LaDorator ies, Columbus, Ohio, to Advanced Research Projects Agency, 
Washington, D. C. , Contract No. SD-I7I (August 12, 1966), 104 pp (SECRET/ 
Group i) (PA 24,482), AD 578 912. 

(U) This report includes an evaluation of the use of 
high- and low-power radio waves to effect barriers 
through which personnel could not penetrate. 

Dahlke, A. E., et al., A STUDY OF EFFECTS OF VISUAL FLICKER AND AUDITORY 
flutter ON human PERFORMANCE, Report No. AFATL-TR-67- 1 2, for the period 
June 28, 1965 - March 28, 1966, from University of Oklahoma Research 
Institute, Norman, Oklahoma, to Air Force Armament Laboratory R&TD, 

Eglin Air Force Base, Florida, Contract No. AF 08<635)-5256 (February 1967) 
58 pp (UNCLASSIFIED) (PA 26,553). 5 

(U) Results of nine laboratory experiments are contained 
in this report. The purpose of the research was to assess 
the feasibl 1 i ty of using dual-source flickering lights 
and fluttering tones as harassment devices or as nonlethal 
weapons. Performance was measured on depth perception, 
manual dexterity, aiming and tracking, vigilance and 
cognitive-motor task. Psychophysical judgments of the 
apparent movement effect produced by two lights flickering 
out of phase were obtained In one experiment. Post- 
experimental interviews were given to assess the 
psychological and somatic symptoms associated with exoosure 
to flicker and flutter. 

(U) It was concluded that while dual -source flickering 
lights produce performance decrement from optimum 
conditions, they are no more effective than a single 
light. 
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c* li ;hts fllt korin j »ut -if ph-ist* 4 >n v.jriouu 
v M^no^or per . 



r. i\, r n'l-'f'l ■. AL i •■ViA Afi-I IC.VU.1. T.' THE W VELORVENT DF 
.••"•OUVICAL rtLAPONs , final ‘-‘oport ‘L. . A I *•-(. > 1 0/6‘3-Ti', from American 
r • T jtes . for Aesearcn, /.ash i rvjton (i'fii.o, silver Spring, Maryland, to 
wtorjte of Armanen t Development, (:&TU, Eglin Air Force Base, Florida, 

♦ r-j C t -JO. AP 0S(65‘))-4;' , 3d (Oecontvr 1900), 70 pp (UNCLASSIFIED) (PA 22, OSS 
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L. 



(LG. This document comprises a compilation of data, in 
C 3 r jloc form, of psvcho logical phenomena applicable to 
the deve I opment of psycho I oo i ca I weapons* The information 
is presented for the use o* weapon designers for the 
express purpose of enhancing the psychological effects 
of nonlethal weapons. Section Three summarizes the major 
psychological effects of environment, including the 
effects of I ight. 



Crlanskv, J., THE USE OF FLASHING LIGHT TO PERTURB HUMAN BEHAV I OR, . Research 
-ape- Nc! P-172, Institute for Defense Analyses, Arlington, Virginia 
(Varcn 1965), 21 pp (UNCLASSIFIED) (PA 17,260), AD 460 538. 

(U) The value of flashing light as a nonlethal military 
weapon is examined in this report. Anecdotal reports 
suggest that flashing light can produce effects such as 
confusion, nausea, disorientation, hypnosis, loss of 
consciousness, and convulsions. These effects occur 
only under certain controlled conditions in a laboratory 
or clinic and affect only a limited portion of the 
population. The available data indicate that these 
effects cannot be exploited for military use. There 
have been no field trials or tests outside a laboratory 
setting. 

infield, A. T., SOME PHYSIOLOGICAL EFFECTS OF FLICKER AND RELATED PHYSICAL 
STivjLl (U), U. S . Army Limited War Laboratory, Aberdeen Proving Ground, 

••ar/ land (February 1965), 103 pp (CGNFI DENT I AL/Group 4) (PA 19,008), 

AS y t \ 980. 



t/ : a number of interesting phenomena of responsiveness 
liehf flicker and other physical stimuli h3ve been 
tarred up , which do not yet appear to have been studied 
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.. tr „ A et a l STATE-OF-THE-ART STUDY ON. VISUAL 1 '.®A I WENT 3 y 

HS^nTE^lTv ELaIh OF* VI SIPLE INFRARED, OR ULTRAVIOLET LIGHT Report No. 
=AT-l7l-9, from RAC 1C, dattel le Memorial Institute, Columbus,' 0 '°* ° 

Advanced Research Projects Agency, Wash I ngton, 0. ( C. , < Contract No. SD-I 
(janjarv 19, 1965), 93 op (UNCLASSIFIED) (PA 9416), AD 458 313. 

(U) In general, this state-of-the-art review indicates 
that it may be feasible to use h igh- intensity electro- 
magnetic radiation as a weapon. Specifically, the 
human eye may be incapacitated by radiation from the 
visible a J infrared portions of the spectrum but in a 
practical way, apparently not by radiation in the 
u I travi olet wavelengths. 

'■-r-.tner pa et al. SUMMARY OF THE DEVELOPMENT OF WEAPONS FOR 
Group 4) (PA 9415). 

oAyf The stated purpose of the research was to "investigate 
m e potential of flickering light, sound, and suggestion, 
singly and in combination, for use in psychological 



weaponry 



I udcd that : 



f |) i., r j w is more effective than blue in 

; nrj s.jb iert per f ornance . 
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i * t > | v I r ; j r ,* ,or\, fi A '.-/«»r, f * :* • 

. V" 1' I , *v i t v ^ .“CV* i j ! I v t ♦*»* ! > .. -r *.t • t.J ir r w , i ,■ ; J ■ t O 
i* t !*’-2 t*v I*.!- »'r !.-.•> i I , v/;- v* ’>**.'! L / 

S * "T I e J • ver'-ion t -L tVjr , »'• i ;v- i n t **rr-, i f y li Jht source 

' \ i . 



w ' ar*' no re i 1 I ✓ * j :♦ *e; . on t i nu-,uc-w wo I asors, 

"v«r o.en hi u I J I j . ' r • wit* pul so Ion jtr.s 

approach i na the blink rime f the o v e KO. | sec ) . As a 
' v J I t , I isors Suffer f r;^ the deficiency of i n adequate 
I -."'i tiro, j I though ! he i r inherently h i gh luminance 

-sos this deficiency to t:o relatively minor. 




" , J. (.V Til tor l 'eo i Arr.v Institute of f-esearch), ADAPTAT IC-^^L 
T“L t«uVAN ELFCT-V-LTr, '^-AV AND OCCIPITAL RESIZE, Vision 
, \ol 4, pp 179-192 (1904) (UN 1 - -LASS I f* I EL) (PA I3,C!6). 



(w) It was found that the average amplitude of the 
e I ectrere t i nogram occurring during the first minute 
of stimulation was larger than that for later times. 

Clear-cut changes were not apparent in the evoked 
potentials. With the short-term procedure, an 
i r.vest i gat ion was made of the average response train 
produced by successive spurts of five flashes. It 
was found that the first flash of a stimulus train 
produces the largest response both at the .etina and 
tne occipital scalp; then there is an Immediate 
reduction in amplitude followed by some recovery. 

.*a r low, h # a, (School of Optometry, University of Califo r nia, Berkeley, 
California), DA°K ADAPTATION: A NEW HYPOTHESIS, Vision Research, Vo I 4 

pc 47-58 (1964) (UNCLASSIFIED) (PA 13,608). 



(u) It appears that a receptor lacking Its full complement 
o* photosensitive pigment transmits the same signals In the 
dark as a receptor with a nearly full complement of photo- 
se r sitive pigment that is being illuminated by a steady 
l • c^t . The intensity of this steady M equi valent light* 1 
' n '* r e;ses very rapidly with the amount of pigment that 
’» lacking, and the relation aroe ( ar$ to be approx i ma te I y 
' r (,r t i > I . One would like to understand this feature 
- ( *.: r * j d :p f • » t i ' > r in t • • rms n* the mechanism of receptor 

• " * / j * - ' ri , bjt a." ■ t ho pyp I jnat i on , knewlod-jo of 

' cp / I • i "t is n*;roVj iry if sense is tc he made 

‘ * ’ * * ' • • - r ■ I -i ; ‘ *n t , r>r ( - .jr r i n«i r on t ra I I v to the 

' ■ • ! m ' ! hip t • ♦ i • >r . 
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A. 9 jn-J Arkins, »V . J. (Univor^ity of Nydney, N.,.a., 

! o, tmc. k'- 'li or pmotk: j t i mul atm n in Tmi innu'.t inn or hykm in 

;..a\./p, I ntt*rn j t i on j I Journal of Clinical and l.xper i men ta I Hypnosis, Vo I /M, 
v. pp *i-37 (igo4) ( unl'LA'V'i i f i lu) <pa i:\e,57). 

(*j) The re 1 at i ve effectiveness of the ordinary verbal 
method of tra ice induction is compared . w i th ? forms of 
induction util icing mechanic. i! photic stimulation, and 
with methods combining the personal and mechani ca 1 
features. The criterion of trance adopted was the 
compulsive carrying out of a difficult suggestion 
Results show that mechanical procedures alone are 
ineffective. On the other hand, the addition of a 
particular sort of photic driving probably improves 
trance induction, which suggests that induction is a 
complex matter involving both social interactions and 
relatively nonmean i nqf u I impacts on the brain. 

rl. H 3 m, W. r. , Jr. , et a I . , ELECTRONICALLY PULSED LIGHT SOURCE FOR THE PRODUCTION 
Or RETINAL BURNS, The American Journal of Medical Electronics, Vo I 2, No. 4, 

DP 308-3.15 (October-December 1963) (UNCLASSIFIED) (PA 14,324). 

(U) A method is described for pulsing electronically an 
Osram XBO 2001 h i gh-pressure xenon lamp. The instrument 
is being used to investigate the optical hazards 
accompanying short pulses of radiant energy similar 
to those emitted by nuclear weapons when exploded at 
high altitudes. 

62. Bredemeyer, H. G. , M.D., et al., RADIATION THRESHOLDS FOR CHORIORETINAL 
BURNS, Report No. AMRL-TDR-63-71 , from Institute for Research In Vision 
and Department of Ophthalmology, The Ohio State University, Columbus, Ohio, 
to Biophysics Laboratory, 6570th Aerospace Medical Research Laboratories, 
Aerospace Medical Division, Air Force Systems Command, Wri ght-Patterson 
Air Force Base, Ohio, Contract No. AF 33(6 1 6)— 7583 (July 1963), 38 pp 
(UNCLASSIFIED) (PA 13,970), AD 416 652. 

(U) The data of this and related experiments are used 
to derive relations between burn diameter, exposure 
duration, and burn threshold. A calculational method 
is described which permits calculation of whether or 
not a burn Is to be expected, based upon physical 
data on the source such as intensify, size, distance, 
duration, and spectral composition. 

63. Severin, Capt. S. L. , Newton, Capt. N. L., and Culver, LTC J. F. (USAF, MC), 
AN EXPERIMENTAL APPROACH TO FLASH BLINDNESS, Aerospace Medicine, Vol 33, 

No. 10, pp 1199-1205 (1962) (UNCLASSIFIED) (PA 14,081). 

(U) This article describes an experimental approach to 
the study of flash blindness. Two apparently normal 
s .ejects may differ by as much as 40 seconds in their 
recovery from a dazzling flash of 232,000 lux. The 
r..,]n figures demonstrate that the 16 subjects had 
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A 12,655). 

. ) -nervations on the effects of intensity and wavelength 

,Oht on eiectroencephalograohic arousal responses have 
-een studied. In addition arousal response durations °\ 

O e left and riaht hemispheres of left- and right-handed 
individuals have been investigated. Results of studies 
^elated to hemispheric dominance indicate that althoug 
mere was a tendency for the rightcerebral hemisphere 
to «h 0 w a longer resoonse, statistical analysis 
data revealed no significant difference between the sites. 

SSShSt 

-~ 7 ~T 3 'jv, v'edi cal Services Journal, Canada, voi av , pp 
( .vCLASSIf'lED) (PA 12,615 N). 

(L) This oaoer has attempted to review the physical 
properties of the major divisions of the electro- 
magnetic spectrum, to relate the known hazards to the 
visual oroans from these major divisions to current 
occupational problems and injuries, and to review the 
cause, effect, and prevention of such injuries. 

- L^er T. C. 0. (FLYING PERSONNEL RESEARCH COMMITTEE), 

- .r I'-.'fl A-n LUMINANCE OF A NUCLEAR EXPLOSION, Institute of Aviation 

*o,al Air Force, Farnborough, England (March I960), 27 pp 
r lEL) ,r 'A I 3,614) . 

••j.-rlng the whole problem of the ocular hazard, 

‘ l ...,ncl ision that with mild stimuli, that 
i .'X- I ■ ,s I '.n ->r a Faroe distant explosion, there 
. ... ; | , o, prabi.-m or t w-.i I illy if white floodl i nht i ng 
, ... - ; s provide). Some degree of dark adaptation 
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trm‘, hut this is uSu.il Iv rt.*q,i r dt-d 
tho .) i r v f i*w V‘t toil 1Y rely less on m-iM 



• x i , 'n s *hi..h t-.ivt* K;i?n ♦•jkt*n over r y . i ns t r ur»»;n t ■, 



r *. • 

. . 1 -.r ! i 

. : i 11 t J- . . 

., v r-,j,r. st imut i of iu>d«*r\it«‘ severity can albo b< 

,v'..i-.j,vi as .living rise- to I iff It! difficulty, but in this 
.- ,sa one has 'to place more imparlance on Gaining tf,e 
pi|.>t n^t to look at the source after detonation. 

.4 ... ,.y A « M.H., Heim, H. C . , Ph.O., at.d St i I son , W., p h.D., 

, r ; L ('rftpts or EXPOSURE TO LU.CTMOMAG.NET 1C RADIATION. ! 'APT I - 
r .;ViVT Report No. (VADU-TR-60- 576, from Physics, Engineering, them, if, 
'.■v r it i on \ Boulder, Colorado, to Life Support Systems Laboratory Aerossa'. 
'•VJical Division, Wright-Patterson Air Force Base, Ohio, Contract No. 

A a M(olo)-6305 ('-'ay I960), 161 PP (UNCLASSIFIED) (PA 13,474). 

(U) Literature concerning the biomedical effects of 
ultraviolet radiation is reviewed. Ultraviolet 
absorption results in mitotic alterations and abnormal 
cell divisions, regressive changes in the somatic 
structures of some lower animals, and skin and eye 
tumors in mammals. Damage to the eye from high- 
intensity ultraviolet is probably limited to the 
cornea and, to a slight extent, the lens. 

Makarov, P. 0 (Zhdanov State University, Leningrad), EFFECT OF VERY iNTENSE 
OPTICAL STIMULATION ON THE VISUAL, AUDITORY AND SKIN ANALYSERS OF MAN 

VO I 5, No. 6. PP 769-777 (I960) (UNCLASSIFIED) (PA 12,611). 



69. 



(U) Tho object of this investigation was to measure the 
refractory period in the human visual system due to 
brief very intense stimulation by light from impulse 
gas-discharge lamps. 



Cogan, D.'G., 
of Industrial 
(PA 13,605). 



M.D. (Boston), OCULAR EFFECTS OF RADIATION, A.M.A. Archi 
Health, Vo I 20, pp 293-296 (July-December 1959) (UNCLASS I FI 



(U) Short infrared rays of the order of 1,000 to 2,000 
mu will pass through the lens and be approximately 
focused on the retina. They are the ones most liable 
to cause retinal burns with exposures to Intense 
source, such as the sun, atomic explosions, and, 
possibly arc flashes. 



(U) Visual radiation is, of course, the most Interesting 
from a physiologic Doint of view, but there is little 
quantitative information about its hazards. There is no 
basis for the widespread belief that commonly available 
light, or flickering light, or glare (or insufficient 
light, for that matter) causes organic damage to the 
eye. ’rieverthe less, there are theoretically sound 
reasons for thinking that the energy absorbed could, 
if excessive, cause the same type of damage as that 
caused by infrared radiation. 
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:r.-ir,tin, son SJ »u>ns »; ' f fo cp ,. 

»«•** " r »:"■ r, z 'Z ' r , , w 

• 1SJ -:\o o 3 !’ cpf << .u-poar, MM,., «»* •.«* 

.‘■vvo lu to i- ^ f t i ve in 

intensities of 1 K ? ht W ’ f .' ts of flicker although 

producing the desired - • ‘ - ne the optimum 

oh t P jnd' d3rl° i n ter vats , bacKground contrasts, 
and effects of stray I igt't. 

i t EFFFCT OF FLICKER l HO 

o-, 

;^n; v , ™cuss,n»r^ a / 3 2.4,2,. • «» i». 

(U> Adverse sections I n=J_ ££ U Ion,, 
referable to the ®ve, 9 w ,, as +hose implying 

twitchings and b 1 i nki ngs as reported by 

interference with c °^ c ' a+er total of intensities 
more subjects and w,+h 9 . n+ens jty) with an impressed 
(put not a larger average -"ten Nine . 

™oute o, exposure to the flioKer.ng ,ght. 

" SSt-^ilMS^CUNCLASS.F.EO. 

(PA I 3,255) . 

(U) T?°°n U a e va?i i^^of ’ un+S^L rcJ 1 symp+oms including 
result in a varieTy osvchic phenomena, 

dizziness and nausea, as well as P s Y < = n “' ; f+ 

of these may persist for several hours after 

stimulation. 

Marshall. C. . M.O., «a! ker, E. . M.D.^and pHOTOGEN 1C EPILEPSY: 

University School °J JJ®J ,c ‘ n A Archives of Neurology and Psychiatry, 
:“ $ 0 (UNCLASS, MED) (PA ,3.251). 

<«> it 

«' '»» “JTir.r ‘eS Id^aple 

lights tried. Minus red glasses were o 
aid 'to the patient. 
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*1. rilos, a. S. (National Physical laboratory, Todd i ngt< >n , fngland), ^ T I *•*! 

Vi t VS Ot .'lAKt ANP PA.YU , British Media'll Bulletin, Vo I 5, pp 50-5? 
v I *4 7-4 H ) ( l ! N v ' L ASS I f II P ) (PA 14, V8). 

(in The idea that dazzle could bo used as a weapon 
was constantly recurring during World War II. On a 
very bright moon I i t night a pilot well caught in the 
beam of a searchlight is prevented by dazzle from 
seeing objects on the ground within some 2 miles 

kmj of the searchlight. By constantly holding 
an enemy aircraft in several beams spaced at the 
corners of a square pattern of 4 miles C6.4 kmj side, 
we might expect to obscure the ground completely. 

Schemes of this kind fail for two main reasons: 

(I) the enormous amount of electric power demanded, 

(ii) in the presence of cloud the light reflected 
back on the ground is insufficiently intense to 
make objects more visible than If the lights were 
extinguished. More modest schemes were a little 
more hopeful. Experiments were made to see if 
comparat i ve I y weak, steady but directional lights 
of the type of motorcar headlights could be used 
at spacings of the order of 100 feet C30.5 mD to . 
provide a kind of dazz le-screen against ground 
attackers. It was found that such a screen, while 
of some value in concealing ground objects such as 
men, vehicles, low buildings, etc., produced a useful 
effect in only a limited period of about 1/2 hour 
during nightfal I . 

(U) On the whole, it may be said that dazzle as an 
actual weapon of war has proved disappointing, while 
in those cases where it interferes in some measure 
with efficiency it is not particularly easy to 
el imi nate. 

75. Ham, W. T., Jr., et al. (Medical College of Virginia), OPTICAL MASERS (LASERS), 
Acta Ophthalmologica, Supp I ementum, Vol 76, pp 60-78 (Undated) (UNCLASSIFIED) 
(FA 14,506). 

(U) The purpose of this paper is threefold: ( I ) To 

give a brief and elementary discussion of the ruby 
laser, (2) to describe some preliminary experiments 
with a ruby laser and Its associated optical equipment 
as designed to produce thermal lesions of size and 
shape comparable to those produced by other methods 
in this laboratory, (3) to present current data 
obtained from research on retinal burns which can 
be useful in the evaluation of ocular hazards from 
lasers. 
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, . ^ , !»,• I. ‘ • I : i n 1 :.j I *-r , Llevei-ind, ot|! ° 

’-0, l‘»7l> U/klA.-. IH«: > (fA ib,7 

, vii* rvv>-. jrtii U“ ascribe, i riot .ontrol device, 

{'".itentod bV t«o 

fleers are tl» nightstick, not gun, and cattle 
prod. 

(0) In the patented instrument, which car. P°^ ablG 
ZueVT ^?.Ieter'°ire e directed by ^ r ^°oi f I 

irepugnan+^that^hearers ”ihe scene, but no permanent 

injury is caused. ■ 

f requency^sed, whi ch may M '.000 times those figures, 
does not interfere with speech. 

i -j- m- PROPAGATION of high-intensity, low 
O scar, K. J., and Bordelon , T. T. , PRQ +he per iod November 10, 1969 

FREQUENCY SOUND WITHOUT LOSS, F»P»rt No- 0, f d Development 

December II, I860. U. S. Army ** ' ' |V ' (UNCLASSIFIED) (PA 37.018), 

Center, Fort Belvoir, Virginia (April iv'u;, v* vv 

AD 869 978. 

<«> ™ S STiSSM demonstrate ?L%eTs“uity 

covers'the'experimental effort to transmit low-frequency 
sound over large oistances wlthou^greatjosse^ ref|ectors 

and^enses^ere' studied and tested as methods of focusing 

or collimating the generated sound. 

-8. Beck. £. J.. AN -««« 

Per^Hueneme^CilM fornla' (October 1068). 10 PP (UNCLASSIFIED) (PA 34.461). 

AD 843 468. 

(in This brief report is an account of the first results 
of tests with a small pulse-jet aeroplane engine use 
t 0 , in this case, generate an intense no se it was 
i' n : 7 ~A a t fjCEL that the small pulse-jet engine. 
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,„r,ri..n - tunnel cltMf..nco in Vietnam. It ;s c.oo- ; 1 u-,.- . 

. V,.,r introqu.vit (|0 to 1 00 tines per second) but inte-.. 

Wr I us ions tn>n a large pulse tube should prov.de 
; n t .^l t M \ib to no i so I ovel . 

|M ., ( . T o on MAN AN n MATfP'.US A SELECTIVE BIBLIOGRAPHY Import V.. 

>. NOiSt : UHLT.' UN mm . MftCA wash i noton. 0. C. (rebruar/ lb, 

0 P-. 1 M tohn F. Kennedy Space Center, NAuA, Wasningco , 

,o r .8),’s0 pp (UNCLASSIFIED) (PA 53,736). 

UJ) All entries in this bibliography include a short 
annotation except those that carry a Confident. a 
security classification. 

C r nrHAV I ORAL RESPONSE TO PSYCHONEUPAL 

30. Backus, B. T., and Hos er, . •» period November 5, 1967 - 

STIMULATION (U), Third Quarterly Report .! r h ^ch Virginia, to Naval Air 

February 5, 1968, from Mel-par, Inc. 'c^lract No . N000I9-67-C-0328 (1968), 
Systems Command, Washington, 0. C. , Contrac rm inuu 

33 pp (CONFIDENT! AL/Group 3), 33 pp vPA 32,273 . 

(y\er) Studies were made using rodent and squirrel monKey 

Kiis s-Tsrirr ^ ; r:= ;; r 

light Stimuli, the purpose of which .was to ascertain 

whether there was an enhancement effe f n JJ® 
behavioral responses with below-normal threshol d 
dosages of these agents. The squirrel monkeys were 
used in an effort to determine the threshold of the 
observable effects of DS-3 in a primate under normal 

conditions. 

_ . , r w THE INFLUENCE OF HIGH INTENSITY SOUND ON THE HUMAN BODY, 

o° \ L ^ C ‘i7F'l9 C 7-13 Inst 1 tout voor ZIntuigfysiologie, the Netherlands 

V" (^CLASSIFIED) <PA 33.443, . AD 823 066. 

(ID A standard 1 1 terature study was conducted concerning 

sSs xtx- 

sjsrt.r'-s&'yrs! 

bounds especially, seem to exert a negative effect they 
sounds, especially. Influence of 

are considered aparr in Tm» , t ,. M , ca j 

low-frequency mechanical vibrations on man is discussed 
I?so Finally, a number of conclusions are drawn. On 
this basis, some careful suggestions are made concern I r ng 
standard rules on the effects of high- Intensity sounds 
on the human body. 
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j ‘j tiiu. j i- 1- 1 • * * * 

4 ’S 

i • t Tui n A’ IHI! II V f I ) f , I V.- Ar ' ' j J I 

i T AKY^r-U I:A? U ((■>. Report No. o/-248H, ... ■.. Arw 
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V,^ n , ^vK Island Arson.) I , KvK Island, Mlirv.>,n (vt^.or U ,7 ) , 
( Sn..fNT.A L ','.rouD 4) (I’A 33, 5. M, AH Wi I ?H L. 

(U) Von Gierke in H‘ 3 established the threshold for Pair, 
as approximately 175 db for static pressures. 165 da^it 
5 ops and decreasing to the range of 140 db from 15 .o 
lew above 100 cps. experiences with whole-body enures 
to intense low-frequency noise occurred W' « 

during both World Wars. In these cases. , 

-hanoes noted amona German submarine d.esel-room personne 
:TJ 'attributed to'the infrasonic and very low some noise 
ftetds caused by the suction strokes of the engine 
cyl i nders. 

( y) m a series of tests conducted with the NASA-LPC 
Low Frequency Noise Facility (140 to 150 db at mid-band 
frequencies of .2 to 40 cps). subjects reported an 
uncomfortable pressure buildup in the middle ear. 
effect, however, was almost entirely absent when earplugs 

were in place. 

(U) Maxi mum- intensity low sonic exposures (| 4° Iterate 
at mid-band frequencies of 22 to 40 cps) produced "Operate 
chest-wall vibration, a sensation of gagging and percept. b 
visual-field vibration in all subjects. p °s+- e xposure 
fatigue was generally present after a day of repeated 

testing. 

(U) In another test, the USAF-RTD Sonic Fatigue Facility 
opened at treacles la the 50 to 100 cps range and 
voluntary tolerance was reached In 2 "'lutes at the follow! 9 
Intensities end frequencies: 155 db at 50 cps; 154 db at 
is cpl: 150 db at 73 cps. and 153 db at 100 cps Exposures 
were stopped at these intensity levels because of the 
following subjectively alarming responses: mild "auses, 

marked fatigue. 

IN OFFENSIVE ACOUSTIC WARFARE (U), Final Report Report J£* 

!>»«•» 

(SEC D ET/Group 5) (PA 31,728), AD 385 063. 

(U) This bibliography provides supporting documentation to 
the final report prepared under this same contract as well 

- -.-(This Page is Unclassified) 
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A. e t jl . , a ST iJl)> uf l FFICTS rf VISUAL .FLIOKl R AND AJMF'X 

^ .V"AN niRFORMANi/l , Final Report, Report to. AFAT L-TR- 67 - I 2 , 

Mi vorsi tv of Oklahoma, u 'esoorch Institute, Norman, Oklahoma, to Air 
Anjr H »nt l aboratory , l q I i n Air Force base, Florida, Contract No. 

• ^S)— ( February I9 o 7), 60 pp ( UNCLAS .j I F I LD) (PA 26,.<>>>v), 

: ' ? 6 • 



{;) Results of nine laboratory experiments are contained 
in this report. The purpose of the research was to assess 
the feasibility of using dual-source flickering lights 
Jn j fluttering tones as harassment devices or as nonlethal 
weapons. Performance was measured on depth perception, 
manual dexterity, aiming and tracking, vigilance and 
coani ti ve-motor tasks. Psychophysical judgments of the. 
apparent movement effect produced by two lights flickering 
out of phase were obtained in one experiment. Post- 
experimental interviews were given to assess the 
psychological and somatic symptoms associated with 
exposure to flicker and flutter. Few quantitative data 
were obtained with regard to fluttering tones, however, 
informal observation led to the conclusion that flutter 
did not show promise as a harassment device at the 
i n tens i t ies i nvesti gated. 



95. BEHAVIORAL RESPONSE TO PSYCHONEURAL STIMULATION (U), Third Quarterly Report 

for the period August 20 - November 19, 1966, from Melpar, Inc., Falls Church, 
Virginia, to Naval Air Systems Command, Washington, D. C., Contract to. 

NCw 66-0274d (December 19, 1966), 4 pp (CONFI DENTI AL/Group 3) (PA 25,502). 

This report on the current research program dealing 
with responses of rodents to acoustic and visual 
st imu I at ion . i ncl uded completion of the preparatory 
phase and initiation of the experimental program. 

Categorically, the rodent species tested so far appear 
to be less ’’disturbed" by the stimulatory techniques 
employed so far than did human subjects in earlier 
casual experiments. It was not, however, anticipated 
that results with rodent subjects would necessarily 
have direct applicability to subsequent human 
studies, but that such studies would be helpful 
in developing experimental techniques. 

06. CODING:’ FANTASTIC DEVICES TO END RIOTS, .Nation’s Business, pp 62-64 
(July 1966) (UNCLASSIFIED) (PA 23,629). 

(U) Electronics experts have found in the laboratory 
that an audio note of 12 to 14 cycles per second has 
a profoundly disturbing emotional effect. Its precise 
impact on any given person is somewhat unpredictable. 

Some people are immune to it; others are not. Most 
react with an inexplicable feeling of deep anxiety 
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ful : J I l-njrns that omi f 



cM-irl ; ttin i hlafino iriiJ >-. , '.ru'kii »3 noises ire one *orr. 

M ,nti-riot weapon. Tn.'v •' >n be used to _ drown out the. 
r-ythmie chjntim, sin.iim, ml handclapping thit seme 
imitators use to up ) -ro^*.J *c fever pttc . 

•e! i v ->pters. equipped wi “■ these powerful portable sound 
-r.>:* W -tor«, can hover over j hostile nob or a menacing 
*. r0te(3 of demonstrators. Some electronics experts foresee 
a pc re futuristic and fantastic type of some no, -buster. 
it is a low-vibration sound which would have the ®*^ a ~ 

' r J i n a ry jb i I 1 tv to resonate the human viscera and thus 
3 fleet The colon. The effect on a screaming, rock- 
tnrowina mob would be the same as a mess attack of 
jncontro I I ab I e dysentery. 1+ should bring any riot to a 
o u i c k h a 1 1 . 

(•) A revolving, car-roof-mounted flashing spotlight of 
such brH Nance that it will temporarily affect the vision 
of the rioters is under development. Another device is a 
inexpensive portable system to el ectri fy a car b °dy. 
can be installed on any car, police or military vehicle. A 
painful, but harmless, shock of high-voltage, low-amperage 
electricity will shock rioters bent on overturning the 
vehicle. Persons inside the vehicle are unaffected. Under 
experimentation is a vehicle-mounted high-pressure system 
which shoots an electrified stream of water. It gives a 
harmless but unpleasant high-voltage shock. 

per C. E., and Lehrer, S., DEVELOPMENT OF PSYCHO-PHYSIOLOGICAL AUDITORY 
l‘.*UU AIRBORNE WEAPONS (U), report for the period May 8 » . 

ri i 7, 1965, Report No. ATL-TR-65-44 , from Astr ° s Y s + ems ,n+er ™! n A r 
rairfield. New Jersey, to Air Force Armament Laboratory, EgMn^A.r 
:r C e Rase, Florida, Contract No. AF 08(635)-4370 . (March 1966), 172 pp 
! DENT I A L/ Group 4) (PA 24,682), AD 373 061. 
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There were two main objectives to this program. _ One was 
to conduct a literature search into the psycho-physiological 
effects of high- intensity sound on man. The other was to 
f=»Pri"-a+e and demonstrate a sound generator capab e o 
producing 130 decibels (re: 0.0002 microbar) at 500 feet 

„ ; *r> i n the frequency range of 2 to 100 cps. 
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. , . Vo I 4. r.o. lll/!<U!//5/Vol 4, T.-nni- <, I I ' i -.r i '• / 

j'v! I i t' f .i r\ -or v i v'os (July INt‘>), V pp ( IJNLLA'.b IF I tlJ) (('A 

•O lhl 4 oit>l ioorjphy ,ontjins references to publ i sM.-J . *"-2 
unPut'l isned documents on no iso. Nearly j I I the documents 
reljte theory or practice iliroctly allied to aircraft 



u.> -v-ppoI. R. M., Austen, B. and Veazie, W. H., Jr., '-' TA1 ^: oF_T, J l ‘^ T ' 7: ~' 

Sti ALANLY D I RRDPT I ON (U), K'eport No. RAT-171-12, from PACIC, batteUe 
Merer ial Institute, Columous, Ohio, to Advanced R® se f^^ Pr °J ectS . 
Washington, D. C., Contract No. 50- 1 7 1 (January 20, 1965), 62 pp SEC, -T/ 

Croup 3) (PA 9418), AD 360 189. 

(U) On the basis of the literature reviewed and d’seussions 
with investigators generally considered to be most knowl- 
edgeable in balance disruption, it appears that none of e 
presently known chemical, mechanical, disease, radiation, 
or electrical effectants provide an efficient means of 
human incapacitation, 

1>rk+n . r p a et al. SUMMARY OF THE DEVELOPMENT OF WEAPONS FOR PSYCHO- 
LOGICAL WARFARE - - A STUDY CONDUCTED BY THE FALCON RESEARCH AND DEVELOPMENT 
CO (U). Addendum Report No. BAT-171-6-1, from RACIC, Battel I e Memorial 
Institute Columbus, Ohio, to Advanced Research Projects Agency, Washington, 
0 ? cl. extract NO. SD-17T (Jaroarv 15. 1965). 8 pp (CONFI DENTI AL/Grcup «) 
(PA 9415). 

( This report reviews a 1964 study conducted by the Falcon 
Research and Development Company under contract with the 
Directorate of Armament Development, Aeronautical Systems 
Division, at Eglin Air Force Base. The stated purpose of. 
the research was to "investigate the potential of flickering 
light, sound, and suggestion, singly and In combination, 
for use in psychological weaponry". 

91 . Kryter. K. D., HAZARDOUS EXPOSURE TO INTERMITTENT AND STEADY-STATE NOISE 
report OF WORKING GROUP 46, from National Academy of Sciences - National 
Research Council Committee on Heading, Bioacoustics, and Biomechanics, 
Washinaton, D. C., to Office of Naval Research, Washington, D. C., Contract 
No. NONR 2300(05) (January 1965), 39 pp (UNCLASSIFIED) (PA 17,282), 

AD 458 244. 



(U) T h i s report contains graphs of maximum sound pressure 
levels and durations of exposures that the Working Group 
bel ieves would be tolerable and examples of the use of 
these graphs. This material is followed with background 
information and a discussion of the rationale, assumptions, 
limitations, and general problems pertinent to the 
development and application of a damage risk criterion 
and related exposure contours. 
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1.0 results obtained jerKM-.str-.to that Potont.al ex;sts 
f>r tne use of rhotic flicker as a weapon, uugoes o 
~ effective in *he I juratory but ineffective with 
“groups in an unemotional setting. Further 
. *ri4itnn with nhotic flic ko r singly 3rd 

for f urt ner specific research are provided. 

. H the applicability ok acoustic. energy as a battlcfield «tA=0'l, 

;:i; vs\r.i™ . 

vc. DA-I9-00I-AMC-55KX) (September 1964), 55 PP ( UNCLnbb r tu 

a?’j5i 239. 

(U) A study of the past and current _ literature. on the 
subiect was accomplished and analysis based on bes 

cX^r'i “wliabi. -as «* to d.t.n»IM the 
device site and comelexity required to ach-eve the 
^pqired effects a+ reasonable ranges. The s 
loVerlt not only the use end effects of audible sound 
duf also the effects of infresonic and ultrasonic 
energy. 

SsiSS? 0 "*' "* 

P^fSTS ^e^Ir'l^^'f^SIF.EO, <PA .«.*). 40 607 708 . 

(ij) it is concluded tha+: 

(I) In persons exposed to the effect of co ^'™°^ 
industrial medium- and high-frequency "Oise of 
intensity 85 to 120 db, functional disturbances 
of the cardiovascular system were frequently 
observed. 

(?) very often the subjects exhibited an ^tabHity 
of the- arterial blood pressure. The electro 
rard iooraph 1 c data showed bradycardia with a 
tendency to retardation of the ’ Graves. eular 
conductivity, plus a depression of the T-wave 
rtat was most frequently observed after physical 
r+ ro ^ and at the end of the work period. 



the pertinent literature was 
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: . , Jr., ‘vj /: >\-<\ •* A’.; 
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;,! V!i T': !;{ >*-U T^ATf. 

'.I'iM.Al h, ‘Miport tic. fy 6'007-'J , 
In. . , M«*w Jersey, to Advanced Research 
C. f Contract No. 6D-IG9 (August 15, 1963) 



C i t^o primary technical objectives were to establish the 
characteristics of a cnseous phase detonation system as a 
se-^ce c* control led acoustic power and to demonstrate 
certain practical aspects of the operation of a single 

f recuencv gaseous phase detonation tube such as I ife, 
reliability, efficiency, and other operational character i st i cs . 
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.^r t . < m, irees , E., and Poillv, R. (University of ’■'ass 3 Cf' i . , setts , 

-* ’•• 3 ;s3cnjsetts) , N^l T «Nr- Hl'MAN PERFORMANCE, A PSYCK)PHYS IOlT>lCAl 
IC, Economics. No. I, DP 83-97 (January 1963) (UNCLASSIFIED) 



(j! Distraction studied in terns of changes in ambient noise 
levels was found to be a function of the anount of change. 

.v-en adap+a+ion of the ear is controlled by use of on-off 
sc j°d sequences, ignoring distraction, performance's directly 
--elated to the on-off ratio early in exposure and inversely 
related to the ratio later in exposure. At all sound 
ra*io performance in noise is better than in quiet. When 
extraction Is taken into account, these results are 
influenced by the differences in rate and amount of 
adaptation of loudness and rate of habituation to 
distraction so that at any given time performance may 
seer, to te decreased, increased or unaffected. 



P I i k , P. 

from ^o*s+ra 
A3S 1 " i rgton, 
'~A 21,615), 



PHYSIOLOGICAL RESPONSES TO HIGH INTENSITY INTERMITTENT SOUND, 
*Col lege, Hempstead, New York, to Office of Naval Research, 

0. C., Contract No. NONR-2252(OI ) (May 1962), 12 pp (UNCLASSIFIED) 
AD 467 525. 



<■„) Eighteen subjects were exposed to brief periods of high- 
intensity intermittent sound at 3 pulses per second and at 
i e /el s of from 100 to 120 db. Skin temperature, skin 
impedance, EkQ and continuous systolic blood pressure from 
t-e fir.ger were recorded. The results indicated little or 
r y e^o^t or. all the measures except GSR which showed a 
i r in magnitude of response with an increase 

; " c i r / cf s a u n d . . Comoar i sons with previous reports 
^ /f rr- jri explanations are presented. 
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' j : f i i t 1 iMv i 

•••.-. vr ,:-io r . ,o.!f . ». . • *v I ; \»he<J on tn.* u-,« »• • 'Jh 

• ..•v*.: * v I rr.i--.--n. I tor invent! jet-ions «. n the -t-ntrjl 

■ ^ , v ^to- o'i -am me Is. I'Mr. iconic i nstrum ent.it ion 

A ,, jnj tui.lt for precision irradiation of 

* i s es of f ho central nervous svstem; Comprehensive 
nistoloiical studies sere made of lesions in the brains 

cats and nor Keys proJu< ed by ultrasonic irradiation. 

. . , « psycho'-., > *, iou'OICAL PROBLEMS RELATED TO NOISE, Psycho I ogie 

— >ise, \ol 3. op 2t'(?-27u (1958) (UNCLASSIFIED) (PA 15,943). 

l( ' The ra T ure of noises in relation to their circumstances, 

*c t-e pnvs io loaical and psychophysiological state and to 
t^e past training of the hearer was studied. The measure- 
"e"*'S pf the noise levels between 15 and 160 ph* according 
to *r.e sources, the normal and pathological physiological 
etfects of noise on the ear and on other sense organs, the 
ceneral physiological effects on the organism, as well as the 
effects of ultrasonics, of vibrations and infrasonics, of 
shockwaves and of sudden variations in pressure were 
examined. Noises are harmful above 86 ph, and dangerous 
3 ^ 0 ve MO ph, 

h d (USAF Aero Medical Laboratory), Crannell, C. W. , and 
-.-all', o’. (Miami University), ACOUSTIC NOISE AND REPEATED TIME JUDGMENTS 
r A vl foal MOVEMENT PROJECTION TASK, Report No. WADC-TR-57-54 , Air . 
-esearch^and Development Command, Wr i ght-Patterson Air Force Base, Ohio 
!”j. C h 1957), 26 pp (UNCLASSIFIED) (PA 13,057). 

(:j) The effect of noise on time Judgments was studied by 
navirg four groups of 50 subjects work on a visual- 
movement projection task in which a moving target 
disappeared and a guess had to be made as to. when the 
target was under a crosshair. Effects of noise programs 
(groups) and of trials were significant beyond the 
.01 level of confidence. The effect appeared to be 
‘he same regardless of noise programs and is a fairly 
smooth negatively accelerated rising. curve. In which 
ijdgment time increases with succeeding trials. The 
results suggest that appropriately programmed noise 
distorts subjective time. 



■ — ,, TTTt of ”| oudness level on a scale beginning at zero for the 
1 j ; p I e sound and corresponding to the decibel scale of sound intensi y 
- .-per of phons of a given sound being equal to the decibels o a 
r tone • jdoed by the listener to be equally loud. 



UNCLASSIFIED 




UNCLASSIFIED 

Vj 

'»• t . A. ijM»|ts Institute of Tt*thriol >g/), ( f 1 I f . 1 0 ' ■' T V ‘ .? 

\ *i i l r*< STul )Y , NoistJ (Control , pp 22-2/ (July 1055) f ' JN f .1 A . , l • . : 

, a i f g m . 

^ lj s I 'u 1 effects of noise on tun .ire not so simple thcjt fhoy 
« i\ po ^tuJ ; ed on the bosis. of stimulus qnd response. The 
o» * t \t i vi 1 stimulus mjy occur during a major portion of a 
M*etim<_*. 1 ho response may not become apparent for years. 

( C } Attitudes and even emotional reactions toward sounds 
are often more closely related to context and past 
associations than to decibels or even sones. Significant 
nearinq loss can be demonstrated long before the exposure 
noise reaches or even approaches the level of aural pain. 

This hearing loss is progressive in the sense that longer 
exposures produce more loss. Hearing loss is greatest 
a+ frequencies above that frequency range in The exposure 
noise in which there is the greatest concentration of 
acojstic energy. For a large variety of complex industrial 
spectra, hearing loss starts in the 4 to 6 kcps region. 

Individuals differ greatly in their ability to take noise 
exposures; the hearing losses they suffer seem unrelated 
to their psycho log i ca I attitude toward the noise. ^ 

. Ensminger, D. , CONCEPTS FOR THE POSSIBLE USE OF SOUND IN CROWD CONTROL, 
Enclosure 2, Report No. R-3567, from RACIC, Battel le Memorial Institute, 
Columbus Laboratories, Columbus, Ohio, to U. S. Army Land Warfare Laboratory, 
Aberdeen Proving Ground, Maryland (July 16, 1970), I p (UNCLASSIFIED). 

(U) Sound at the transition between audible and ultrasonic 
frequencies causes nausea and severe headaches. This 
transition range varies with the individual. Warbling 
through a frequency range of 14 through 22 kHz would cover 
the cut-off frequencies of most people. The effects are 
produced at lev intensities but high intensities would 
insure quicker response. The operator is easily protected 
from these sounds by ear protectors built into riot helmets. 

Such sound is effective in causing nausea and headaches 
without exceeding a damaging intensity level. It would 
seem that this phenomenon could be useful in riot control 
and the cost of equipment would be only nominal.. 

Barriers and Deterrent Devices 



I S3. D ackard, H. , REMINGTON’S NEW PLASTIC PELLETS, Guns and Ammo, Vol 15, No. 2, 
pp 52-53 (February 1971) (UNCLASSIFIED) (PA 38,761). 

OJ) Remington’s "Modi-Pac" is a 12-gauge shot-type shell 
i r, which the lead shot is replaced by polyethylene 
plastic pellets. These pellets are approximately 
0.1? inch in diameter and have a deterrent, effect on 
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k, H. J., A COMMENTARY ON SHOT- F I LLID V.tff* 
l/ CONTROL, from HatTelle Memorial Institute 
lurnbus, Ohio, to U. S. Army Land Warfare La 
Maryland, Contract No. DAAU05-7 I -C-01 63 
(FOR OFFICIAL J5E ONLY) (PA 38,047). 
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t ) This report consists of a discussion of the use of 
shot-filled baas as nonlethal weapons, six simple scenarios, 
and a short test outline of some factors that may affect 
their use. It is concluded that a shot-filled spin- 
stabilized baa might be an effective control weapon for a 
range of about 15 feet to 150 or 200 feet. However, it 
should be used only after a demonstration of its non- 
lethality, range accuracy, knockdown capability, and 
*ound potential. Its use should be with actively forward 
tactics rather than in a defensive or passive mode. 



v.ainhardt. R., THE STUN GUN - A NON-LETHAL WEAPON, Law and Order, Vol 18 
No. 10, pp 86-68 (October 1970) (UNCLASSIFIED) (PA 38,639). 



(U) Any standard police or military weapon may be easily 
converted to fire the Stun Bag which consists of a flat, 
circular disc of woven material filled with bird shot. 
After folding to one-third its normal size, it is ejected 
from a shoulder launcher. It assumes its normal size 
shortly after ejection. It conforms to the shape of the 
target on contact and is capable of knocking down or 
stopping an on-coming person. The blow intensities are 
well below those believed necessary to produce serious 
train injury. It is not anticipated that blows to 
the chest would cause pulmonary or cardiovascular 
injury. There is little doubt that a glancing blow will 
produce tearing and bruising of exposed skin areas. 



NEWEST ANTIR10T WEAPON: 
Vol LX IX, No. 3, p 36 (Ju 



’BULLETS' OF WOOD, U. S. News and World Report, 
|y 20, 1970) (UNCLASSIFIED) (PA 38,643). 



OJ) Wooden pellets, fired by compressed gas from rifle- 
style launchers, proved to be an effective crowd-dispersal 
, 0930 n during disturbances at Berkeley. The device, known 
as the Multiple Baton Shell, was described by Berkeley 
zolice as apparently more effective than tear gas. The 
-.-.i i^ts stride with a stinging impact and have about the 
-..-.-/effect as a billy club, but from a range of 40 or more 
'/./ and they are too I i qht to be thrown back with force. 
- -03+ cases, the cel l it does not break the skin, but 
/ ( 4 1 h treak Donos j f close range. 
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' .v VP H ILL'Ts uMP A^'AIN^T CAl. I TORN I A u iOTlK'J, Washington Post, p A-3 

(July 8, N70) (UNCLAD I TILL)) (PA 38,044). 

(u). This article describes the same pellets reported on 
in -A 38,(45 (Item 106, on preceding page) and presents 
much of the same information. The pellets are stacked 
five deep in a metal cartridge I i ke a shotgun shell. 

They cost about $7 a piece, compared to $13 for a tear- 
gas canister. 

103. Young, R. B. , NON-LETHAL INCAPACITATION WEAPON (U), Final Report, Report No. 
LWL-CR-07B69, from A A' I Corp. , Cockeysvi lie, Maryland, to U. S. Army Limited 
War laboratory , Aberdeen Proving Ground, Maryland, Contract No. DAAD05-69-C-0I 1 7 
(November 1969), 60 pp (CONFI DENTI AL/Group 4) (PA 38,005), AD 509 675 L. 

(pf The design of a weapon that will produce non lethal 
i.'capaci tatlon has been accomplished. A low-signature, 
closed-gas launch system, compatible with the M79 grenade 
launcher or MI6 rifle,. is used to fire a deformable, 
spin-stabilized projectile. This projectile is made of 
a silicone-rubber material, RTV. Head impact causes 
short-term loss of consciousness. Tests conducted with 
subhuman primates have demonstrated the feasibility of 
the concept and defined the system operating characteristics. 

09. Schulman, W. , Hansen, D. T., and Shukis, S. P., RED SMOKE GRENADE PRODUCTION: 
DATA COLLECTION AND ANALYSIS, Report for the period September 1968 - 

March 1969, Report No. EATR-4330, Weapons Development and Engineering 
Laboratories, Edgewood Arsenal , Maryland (November 1969), 45 pp (UNCLASSIFIED) 
(FA 36,863). 

(U) At present, there is little scientifically supported 
knowledge about the parameters which influence burning 
time. The majority of the knowledge concerning what 
affects turning time has been obtained empirically or 
through trial and error. In order to control the 
burning time in an efficient manner, the relevant 
variables must be known. Identifying both these 
variables and their importance is the purpose of this 
data collection and analysis. 

10. Smith, J. J., EVALUATION OF LIGHTWEIGHT, METAL ANTIPERSONNEL OBSTACLES, 

Report No. 1965, U. S. Army Mobility Equipment Research and Development 
Center, Fort Belvoir, Virginia (October 1969), 46 pp (UNCLASSIFIED) 

(PA 37,853), AD 865 076. 

(U) This report covers an evaluation of seven types of 
lightweight anti-personnel obstacles: the double-apron 

fence, constructeo of baroed wire and German barbed 
tape; triple standard concertina (TCS), constructed 
from barbed wire concertina and German barbed-wire 
concertina; the rapidly emplaced anti-personnel 
obstacle (PEAPO); the general-purpose, barbed-tape 
obstacle (GPBTO); and the caltrop. 
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s^els. David W.. Cvjnor , Don, id 0. . .and Campbe. - 

ANALYSIS AND CATALOG. Fina! Report Kcport No. 6 . Ground , M,ry.oM. 

(pa 39 ' 060) ' AD 861 296 L - 

tortfo) A systematic analysis of some types of civi . ^|^" ceS 
and a survey of related developmental mater, el are prov 

* t » i ilr 

and available information; however, the materiel I Terns 

States and describing the axperiencos of various secur 

serves Is ?£XX' 'i.^T.STS.r^^i^Si^"- 

%Z inventory, «nich may be useful in providing a more 
response to the special regal rements of riot 

contro l . 

COMPENDIUM COUNTERMINE SYMPOSIUM <U> held ^14, 

Mob 1 1 ity Equipment Research and Deve op^nt c enter. Fort «e 

(May I. 1969) (SECRET/NOFORN/Group 3) (PA 36,694), AD bu^ \v» 

(U) The proceedings of this symposi um 1 Inch ude a 
discussion of "caltrc ;s”. These are two pieces of 
J re joined together so that when thrown they lanu 
olthri point! and the other point sticks up so 
that It .III pierce the foot. The da ay time which 
these produce, not counting the surprise effec , 

£&r San current standard .Ire- and concertina- 
type obstacles. Caltrops could be air emplaced. 

as sist SS2SF 

3946 pVp ’ (SECRET/ 

NOFORN/Group 3) (PA 33,700.4), AD 392 301 L. 

fm Far + sheets are presented on a variety of barriers 
for base defense Including double-apron fence, I h 9 b -wire 

zzrsizx as ssri-js-s.”” 

■ -Kassisawsia"” 

(PA 32,149). 

(U) Readily disseminated agents for producing ®'Tber ^ina 
screening smokes or chemi I uminescent signaling and mark. ng 

farm haavy ^-orros ^ nonto. Cj, 
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i rv i n, K. A., ef jl., INTERDICTION SYSTEM (U), Final Report No. LWL-CR 
from General Dynamics, Pomona Division, Pomona, Ca I i Torn i a , to Aberdeen 
Proving Ground, Maryland, Contract No. DA- 1 8-001 -AMC- I 1 20( X) (September 
150 pp’ (CONFIDENT I AL/Group 4) (PA 52,703). 



-0 H<JJ . , 
1967), 






_/) The purpose of this program was to develop for operational 
evaluation an airborne system for effectively interdicting 
enemy overland infiltration and supply routes. The emphasis 
was placed on a caltrop device and a simple dispenser to 
be employed from I ow-perf ormance , h i gh-pay I oad Army aircraft. 

Tactical considerations in the use of this device are 
described. 

Applegate, R. , WEAPONS FOR RIOT CONTROL, ORDNANCE, Vol 51, No. 282, pp 604-609 
(May- June 1967) (UNCLASSIFIED) (PSI-C-688). 



(U) This article reviews some of the nonlethal riot-control 
equipment developed since about 1964. Among the devices 
which are discussed are the shock baton, the MPG-100 
grenade which expels a tear-gas charge without fragmenting, 
the Smith & Wesson Mercox dart/projectile revolver, the 
Chemical Mace, a projecti le which produces a flash and 
loud bang, another projectile designed for use against 
barricades, the "banana peel" concept, and foam. 



I 17. 



Gibson, C. T., IMPROVED INTEGRAL SMOKE GENERATOR (ACA-35/671 ) , Final Report 
for the period March 15 to May 15, 1967, U. S. Army Concept Team in Vietnam 
(June 20, 1967), 16 pp (UNCLASSIFIED) (PA 28,243). 



(U) The purpose of this evaluation was to determine the 
operational suitability of an integral screening smoke 
generator mounted on the UH-I helicopter and to record 
the methods used for its employment. 



118. 



S+vleS M. F. E., INTEGRAL SMOKE GENERATOR, AIRBORNE, CARGO HOOK COMPARTMENT 
VERSION, TYPE 53E00-62B, Final Report No. LWL-CR-02C65B, from The Bendix 
Corporation, Fluid Power Division, Utica, New York, to U. S. Army Limited 
War Laboratory, Aberdeen Proving Ground, Maryland, Contract No. 

DA- 1 8-00 1 -AMC- 1 1 55(X) (June 1967), 176 pp (UNCLASSIFIED) (PA 29,749), 

AD 819 602 L. 



(U) A method of dispersing a small quantity of fog oil 
into the hot jet-engine exhaust gases of a helicopter 
was devised. This method consisted of dispersing the 
fog oil into small droplets through an atomizing nozzle 
and directing the droplets into the exhaust area where 
they were vaporized. As the vapor passed into the 
cooler air beyond the engine, the vapor condensed, 
forming a very dense cloud of white smoke or fog. 
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styles, M. F. E., INTEGRAL SMOKE GENERATOR, AIRBORNE, HF ATI R COMPARTMENT 
VERSION, TYPE 53E00-62A, Final Report No. LWL-CR-02C65A, from The Bendix 
Corporation, Fluid Power Division, Utica, New York, to U. Army Limites 
War Laboratory, Aberdeen Provinq Ground, Maryland, Contract No. 

DA- 1 8-00 1 -AMC- 1 I 5*><X) (May I9h7), 223 pp (UNCLASSIFIED) (PA 29,750), 

AD 819 601 L. 

(U) The purpose of this work was to develop an effective, 
safe, and economical method of generating u smoke screen 
to provide cover during operations. 

20. ENGINEERING DESIGN HANDBOOK, MILITARY PYROTECHNICS SERIES, PART ONE: THEORY 

AND APPLICATION, Report No. AMCP 706-185, Headquarters, U. S. Army Materiel 
Command, Washington, D. C. (April 1967), 242 pp (UNCLASSIFIED) (PA 31,518), 
AD 817 071 L. 

(U) This handbook Includes a chapter on the history of 
the pyrotechnic art, a chapter giving a general Introduction 
to the application of pyrotechnic devices to military 
problems, and chapters on Physical -Chemical Relationships, 

Visibility, Production of Heat, Production of Light, and 
Production of Smoke. Chapter 7 deals with the production 
of tactically useful smoke. 

21. Stanley, A. T., CALTROPS, TACTICAL ANTIPERSONNEL OBSTACLES, Interim Report 
No. 1871, for the period May 6 - August 4, 1966, from U. S. Army Engineer 
Research and Development Laboratories, Fort Belvolr, Virginia, to U. S. 

Army Materiel Command, Washington, 0. C. (October 1966), 72 pp (UNCLASSIFIED) 
(PA 26,251 ), AD 802 059. 

(U) This report covers an Investigation of caltrops used as 
anti-personnel obstacles. The conclusions reached included: 

(1) Caltrops will penetrate footgear to Inflict 
puncture Injuries on all types and conditions 
of soil considered except In areas where 
walking would be difficult because of the 
depth to which a foot would sink. 

(2) The delay time caused by caltrops will exceed 
that created by triple standard concertina. 

(3) Incapacitation results from swelling and pain 
approximately 30 minutes after Injury. 
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••• -v- om* ! *r- # t . ., mj If AM h I L I 7 Y AND f Xf "I ORA f OR < \ I Vi L ; .* M * 

> DlM AM' IN MAI i»:N f UR HU MILD I.VALUA1 ION Of MILIlA-Y 

A r h ‘N ARNTD, K:urth Ou.irtVf ly Progress Report for the period April- 
Julv I'Ve, Report No. bo-lh-D, from OCA Corp., Bedford, Mussarihuset t s , to 
Assessment Technology Branch, U. D . Army Di recturate of Technical Support, 
t JocwooJ Arsen a I , Maryland, ( ontract No. DA- I 8-0 35- AMO 706 ( A ) (August 1906) 

TP (UNCLASSIFIED) (PA 26,889), AD 804 963. 

(U) This program was established to determine the feasibility 
of and to develop procedures and instrumentation for the 
field evaluation of obscuration agents. Field testing of 
munitions and analysis of the data were begun. Initial 
results indicate that obscurance is a rapidly varying 
function of time with a power spectrum that conforms 
closely to that of the vertical component of wind velocity 
near the ground. A number of instrument and procedural 
modifications were accomplished; recommendations for 
add : tional modifications were made. 

123. McLain, W. H. , and Evans, R. W., A NEW SMOKE SCREENING CHEMICAL FOR USE IN 
AERIAL SMOKE TANKS, Final and Summary Report No. 6, from University of 
Denver, Mechanics Division, to U. S. Army Chemical Research and Development 
Laboratories, Edgewood Arsenal, Maryland, Contract No. DA 1 8-035- AMO 127(A) 
(December 1965), 219 pp (UNCLASSIFIED) (PA 22,868), AD 479 680. 

(U) A review of the I iterature for chemical smoke agents 
is presented. Based on this review an experimental program 
to evaluate new liquid smoke agents was formulated. The 
results of this experimental program indicated that liquid 
agents possessing an obscuring power greater than FS can 
be developed using selected mixtures, solutions, and 
compounds of phosphorus., 

24. Sprang, W. 0., NONLETHAL INCAPACITATING WEAPON: EXTENSIBLE BILLY CLUB, Paper 

No. RAC-TP-194, from Research Analysis Corporation, McLean, Virginia, to 
Advanced Research Projects Agency, Washington, D. C., Contract No. SD-212 
(November 1965), 20 pp (UNCLASSIFIED) (PA 19,988). 

(U) The Japanese have developed a three-section telescopic 
billy club, which in the collapsed position can be concealed 
•on a person but is quickly flicked into the extended position. 

RAC has found it is feasible to incorporate an extensible 
self-locking knife blade in the forward tubular section of 
a similar club. It is feasible to lock the tubular club 
sections positively to prevent collapse of the club while 
in operation. No conclusion was drawn as to the lethality 
of the extensible blade. 
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r 1 1 it tu ai. n i MA.’AKir, or clhiain smokt ijyi m <JM . 

•V^^ndum No. ln/4. ^i^tinny Arsenal . New Jo -V 



I i r ',) .N pp ( UNI l 



WMril.il) (PA 21.562), ai; 469 867. 



,.o i, t . vx ic jnd carcinogenic health hazards «socated 
with i-ne currently used smoke dyes, and also with possible 
■ f',o i j >tes for smoke dyes, are discussed with reference 
. (c - r - if exnosure chemical structure, hazardous 

SS;; T^i.s reaction products. Recommendat.ons 
for avoiding these health hazards are also presented. 

c \i AEROSOL SPRAY SMOKE - DEVICE, Technical Memorandum No. 1610, 

P i cat I nny Arsenal .Cover. New torse, 

(Vjy 1965), 9 pp (UNCLASSIFIED) (PA 17,898), AD 461 989. 

( 1 1 ) An aerosol spray smoke device for dispensing white 
smoke has been developed for use in signaling, in a g 

narking, and for screening purposes. The finches in 
of a steel cylinder (6 inches long and 3-1/2 inches 
diameter) containing titanium tetrachloride, white 

So s in solution with carbon disulf de and carbon 
tet-ach i or ide, and Freon-12 propeilant. in the prototype 
developed, a brass needle valve is screwed into a 
threaded opening at one end of the cy ‘‘"^® r * hI h _ Q aM+y 
manually operated valve is opened, a dense, ^ g q Y 
white srroke is discharged for from 2 to 5 mu ?^ e ®; + 
stroke is formed by the reaction of T h « u * !®* ra 

chloride with the moisture in the air to form white 

titanium hydroxide, 

.. . . i cUu A A FUNDAMENTALS OF PYROTECHNICS, Technical Memorandum No. 

(PA I 8,621 ) , AD 462 474. 

(U) ChaDters XVIII and XIX deal with masking smoke 
comos“ions and colored smote oo^osltiobs. respective!,. 

(PA 16,699). 

(U) This study indicated that a weapon can be designed to 
eiect a stream of salt water propelled by CCU. However, 
was regarded as doubtful that a weapon of +hfs,ype would 
produce a positive deterrent to a determined attack. The 
d „nld -as portable bat was limited to an effective 
ois^ar.'-- of 30 feet. To be effective beyond th s distance, 
a weapon would have to be larger and, thus, no longer 
0 r t r t a 0 I 6 . 
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. i 'll’ i cal FOREIGN UNCONVENTIONAL WAR I ARE WEAPON!", (U), Report No. rsio 3b I -SO i 
U. S. Army Foreign Science and Technology Center, Munitions Building, Army 
Materiel Command, Washington, 0. C. (September 1964), 56 pp (CONFIDENTIAL/ 
Croup 4) (PA 15,317). 

(U) This study describes and presents Illustrations of 
typical foreign unconventional warfare weapons and devices, 
including caltrops. 

30. Parent, P. A., BIOLOGICAL EFFECTS OF COLORED SMOKE INGREDIENTS, Special 
Publication No. 4-59, U. S. Army Chemical Research and Deve.lopment 
Laboratories, Edgewood Arsenal, Maryland (September 1964), 35 pp 
(UNCLASSIFIED) (PA 13,580), AD 451 092. 

(U) The toxicity values, or ratings by various, but usual 
routes are reported. for the colored smoke Ingredients 
I -(methy I ami no)anthraqui none, auramine, kerosene, potassium 
chlorate, col loidal sulfur, potassium nitrate, magnesium 
carbonate and charcoal. Tests for carcinogenic action 
are tabulated for benzanthrone, indanthrene Golden Yellow 
GK (dibenzoCa,n]pyrene-7, 14-dione), 2- (4-dimethyl ami no- 
phenyl azo)-naphtha lene and auramine. Other biological 
effects of many of the compounds or element;, are given. 

31 Applegate, R. , NEW RIOT CONTROL WEAPONS, Ordnance, Vol 49, No. 265 (July- 
August 1964), pp 67-70 (UNCLASSIFIED) (PSI-C-687). 

(U) Some of the nonlethal weapons or agents mentioned In 
this article include electrically charged vehicles, 
ultraviolet marking material, electric shocks administered 
down streams of water, sound projectors,- b I Inding lights, 
and tranqui I izing and "nerve gases". 

32. Kracke, R. D., SUMMARY REPORT ON SMOKE AND INCENDIARY PROJECTILES (U), 

Technical Memoranda No. 63-15, U. S. Army Chemical Research and Development 
Laboratories, Edgewood Arsenal , Maryland (January 1964), 24 pp (CONFIDENTIAL/ 
Group 4) (PA 22,899), AD 370 825. 

VAtff WP and the modified forms of WP (PWP, PWPV and SWP) 
i n projectiles in general produce better ground smoke 
screens than any known nonphosphorus screening smoke 
material. Modified WP fillings for projectiles have 
been developed which are capable of more than doubling 
the ground smoke screening of effectiveness of the 
standard WP-fllled projectiles. However, under some 
conditions, the modified WP fillings produce bal 1 1st lea I ly 
unstable rotati ng-type munitions. It Is recommended 
that a research study be Initiated to seek new incendiary 
fillings for munitions. 
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App legaie, K. , CROWD AND RIOT CONTROL, The r jtu<-kpole Lcmpuny, 
Pennsylvania ( I 9t>4 ) (UNCLASSIFIED) (PA 9442). 



Hof r i spur j. 



(U) Chapter 5 is entitled "Obscuring Smoke for Crowd 
and Riot Control" and is a quite thorough treatment 
of smoke munitions and techniques of employment. 

154. GENERATOR, SMOKE, MECHANICAL, PULSE JET, M3A3, Manual, No. TM 3-1040-202-12, 
Headquarters, Department of the Army, Washington, D. C. (December 1963), 

64 pp (UNCLASSIFIED) (PA 34,646). 

(U) This manual Is published for the use of the personnel 
to whom the Generator, Smoke, Mechanical, Pulse Jet, 

ABC-M3A3 is Issued. It contains information on the 
operation and maintenance of the equipment as well as 
descriptions of major groups and their functions in 
relation to the operation of the smoke generator. 



135 Finklestein, L. , HISTORY OF RESEARCH AND DEVELOPMENT OF THE CHEMICAL WARFARE 

SERVICE IN WORLD WAR II (JULY I, 1940 - DECEMBER 31, 1945), Special Pub Meat, on 
No. 1-42, U. S. Army Chemical Research and Development Laboratories, 

Edqewood Arsenal, Maryland (June 1964) (UNCLASSIFIED) (Part I, 172 pp 
CPA 17,6293, AD 461 128; Part II, 171 pp [PA 17,6533, AD 461 129; Part III, 

396 pp CPA 17,6573, AD 461 130; Part IV, 180 pp CPA 17,6543, AD 461 131). 



(U) This report on screening smokes is one of a series of 
historical monographs. It covers not only research and 
development of the Chemical Warfare Service in the area 
of screening smokes during World War II, but it also 
oresents theoretical and mathematical material pertinent 
to the subject, regardless of Its source. 



136. Hahn, Col. P. H. (USMC), EVALUATION OF THE HAND HELD WIRE GUN, Final Report. 
U. S. Marine Corps Landing Force Development Center, Quantico, Virginia, 
Project No. 44-62-04 (Undated), 16 pp (UNCLASSIFIED) (PA 7802). 

(U) The Marine Corps tested the Hand Held Wire Gun for 
possible use as an anti-personnel or riot-control weapon 
for unconventional warfare. This cylindrical gun is 
10 inches long, 3-3/4 Inches in diameter, and weighs 
about I I pounds. The 450-foot wire coil is wound with 
sufficient energy to be propelled about 80 feet upon 
release. It Is activated by retracting a pull ring, 
similar to that on a hand grenade, which Is attached 
to a sear. The wire coil plugs Itself out in 
essentially a straight line in from 6 to 7 seconds. 

In the tests described here, the gun did not meet 
Marine Corps requirements. 
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